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- ABSTRACT

This report provides information needed by the U.S. Army Corps of
Engineers for preparation of a Supplemental Environmental Impact Statement
addressing the winter operation of the lock facilities at Sault Ste. Marie,
Michigan, and the subsequent extension of the navigation season in the St.
Clair-Detroit River system (SCDRS) to January-February. We describe the
distribution and abundance of macrozoobenthos, aquatic macrophytes and
juvenile fishes during the 1983 and 1984 open water season, and attempt to
predict or evaluate the potential environmental impact of an extended
navigation season on the biota of SCDRS. Fauna and flora were diverse and
abundant; we identified more than 300 tara of macrozoobenthos, 30 taxa of
submergent and emergent macrophytes, and/36 species of fish. The diversity
and abundance of macrozoobenthos were generally highest in the St. Clair
River. Abundance and diversity of submersed macrophytes were similar in the
two rivers, but Chara dominated in the St. Clair River and Vallisneria
americana in the-Detroit River. We collected more total fish in the Detroit
River but more species in the St. Clair River. Yellow perch and rock bass
dominated most catches in both rivers. An ice jam in the St. Clair River in
spring 1984 appeared to affect two of the three groups studied--macroinvertebrates
and submersed macrophytes. Of the 24 abundant taxa of macroinvertebrates, 9
were seemingly less abundant in spring in 1984 than in 1983 in the St. Clair
River; however the densities of 6 of these taxa had recovered by fall 1984 to
levels equal to or exceeding those in fall 1983 and the other 3 were within
30% of those in 1983. C r of the bottom with submersed macrophytes was
somewhat reduced in spring of 1984--particularly in the St. Clair River--but
recovered to 1983 levels by fall 1984. Plant biomass levels varied between
years and locations; no consistent differences could be attributed to the ice
Jam. Catches of fish were lower in 1984 than in 1983 but differences between
locations and months were inconsistent. Observed differences in the plant
community could be attributed to reduced temperatures, and ice-scour may have
reduced the density of several taxa of macrozoobenthos. Evaluation of the
potential environmental impacts of an extended navigation season on the biota
of SCDRS,/as not attempted.
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CEXECUTIVE SUMMARY
The U.S. Army Corps of Engineers is considering the extension of

operation of the Locks at Sault Ste. Marie, Michigan, from 8 January ± 1 week
to 31 January ± 2 weeks. This study was undertaken to provide part of the
information needed by the Corps for the preparation of a Supplemental
Environmental Impact Statement addressing the winter operation of the lock
facilities at Sault Ste. Marie, Michigan, and the subsequent extension of the
navigation season in the St. Clair-Detroit River system (SCDRS) to mid-winter.
The objectives of this study were (1) to describe the present distribution and
abundance of macrozoobenthos, aquatic macrophytes, and juvenile fish that
might adversely be affected by an extension of winter navigation and (2) to
predict or evaluate the potential environmental impact of an extended
navigation season on SCORS. An extensive ice jam on the St. Clair River in
spring 1984 and the associated ice breaking activities provided an opportunity
to evaluate between-river and between-year variation in the abundance and
distribution of biota relative to differences in ice cover and related
shipping activities. The study area encompassed the region between Port Huron
(at southern Lake Huron) on the north and the lower end of Grosse Ile (mouth
uvf the Detroit River) on the south, including the St. Clair River, Lake St.
Clair, and the Detroit River. The St. Clair River is 39.1 mi long and
receives water from Lake Huron; mean annual discharge into Lake St. Clair
during the study period was 212,000 ft3/s. Lake St. Clair has a surface area
of about 430 m*i, a mean depth of 11 ft, and a maximum natural depth of 21 ft.
Flushing time of the lake is 5 to 7 days. The Detroit River is 31.9 mt long
and receives water from Lake St. Clair; and the mean annual discharge rate
into Lake Erie was 216,000 ft3/s. The shipping channel running through the
system has a minimum statutory depth of 27 ft, which is maintained by
dredging.

Ice cover is limited or absent from both the St. Clair and Detroit rivers
during normal winters, but is usually well developed on Lake St. Clair.
However, ice may enter the St. Clair River from Lake Huron mainly under the
influence of northerly winds. The current carries the floes downstream until
they meet the resistance of the solid ice cover in or upstream from Lake St.
Clair. This ice cover increases as more ice enters the system and may extend
upstream nearly to Lake Huron. During most of the winter, a large natural ice
arch becomes lodged in the narrowing confines at the outlet of Lake Huron and
prevents ice from entering the river. This condition usually lasts through
the winter but may be disrupted by strong southerly winds, particularly in
March and April, which break up the ice arch and push the ice field away from
the river mouth. A wind change back to the north pushes the ice field back
into the river and if no ice arch forms, floe ice may enter the river in large
quantities to form a huge ice jam, as it did in 1984. Ice jams of roughly
similar magnitude occurred in the St. Clair River in 1901, 1920, and 1942.

Concentration of toxic materials are elevated in the sediments in several
areas in the SCDRS. No contaminant data were collected in the present study,
but past work has demonstrated that the presence of contaminants affects the
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health and abundance of fish, macrophytes, and particularly macrozoobenthos.
In the St. Clair River levels of polychlorobiphenyls (PCBs) exceeded the Ontario
guidelines (50 ppb) and International Joint Commission (IJC) objectives (100
ppb); certain areas can be classified as being heavily polluted with mercury
(> 1 ppm), as Judged by the U.S. Environmental Protection Agency (EPA) standards;
oil and grease levels were within acceptable tolerances. In Lake St. Clair,
cadmium levels (> 1 ppm) exceeded Ontario's guidelines and mercury levels
exceeded EPA's guidelines. In the Detroit River, PCB, oil and grease, cyanide,
chromium, cadmium, and mercury levels exceeded EPA's guidelines for heavily
polluted sediments.

A total of 756 macrozoobenthos samples were collected with a Ponar grab
along 21 transects in the St. Clair River, Lake St. Clair, and Detroit River
in May and October in 1983 and 1984. Stations along the transects were at
three locations: on the sloping side of the shipping channel (channel
stations), immediately adjacent to the channel on the crest of the channel
slope (near-channel stations), and between the crest of the channel slope and
the adjacent shoreline (off-channel stations). Aquatic macrophytes were
collected during late June, late July-early August, and early September at
Stag, Fawn, and Russell islands in the St. Clair River, and at Belle Isle,
Point Hennepin, and Stony Island in the Detroit River. A sampling grid
composed 500-ft-square blocks was used to distribute sampling effort. Grapnel
hauls were made at the grid intersections and Ponar or hand-harvested samples
were taken within individual blocks. Juvenile fish were sampled with hoop
nets at the same locations at which macrophytes were collected, during late
May, late June, late July-early August, early September, and early October in
1983 and 1984. At each location, two nets were set in submersed aquatic
vegetation, and two others in nearby non-vegetated areas. A total of 40 net
sets were made at each location during the two years of the study.

The diversity of macrozoobenthos within SCDRS was highest in the upper
Detroit River, where we identified 101 taxa, and lowest in Lake St. Clair,
where we recorded 65; we collected 98 taxa in the upper St. Clair River, 95 in
the lower St. Clair River, and 80 in the lower Detroit River. Identifications
usually were made only to genus, family or higher level; however, as judged by
our species identification of adult aquatic insects, the list of taxa of
macrozoobenthos in SCDRS might easily exceed 300 species.

The densities of most taxa of macrozoobenthos were significantly higher
in 1983 than in 1984, in October than in other months, and at the off-channel
stations than at other stations. Densities of most taxa were highest in the
St. Clair River. Of particular interest were the taxa with significantly
higher populations in 1983 than in 1984. If the low den;ities occurred mainly
in spring 1984 in the St. Clair River and no recovery occurred by fall 1984,
we might postulate that the ice jam in May 1984 caused long-term damage.
Densities of nine taxa were lower in the spring in 1984 than in 1983:
Amnicola, Chironomidae, Gammarus, Harpacticoida, Hyalella, Isopoda, Nematoda,
Decetis, and Turbellara Telower density were restcted to the St. Clair
River, particularly in the lower section. Among these taxa, the densities of
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I Nematoda, Isopoda, Gammarus, Chironomidae, and Oecetis had recovered in fall
1984 to levels equalling or exceeding those in fal1TT83; the densities of
Turbellaria, Harpacticoida, Halel.la, and Amnicola were still low in fall 1984.
Mean biomass ranged from 0.03 to 4.84 g/m2 over the 21 transects. Biomass was
highest in the Russell Island and Belle Isle areas and lowest near lower Lake
Huron. Average total densities ranged from 976 to 96,684/M2 over the 21
transects in 1983-1984, and the average number of taxa at each transect ranged
from 9 to 38.

Twenty taxa of submersed macrophytes were collected in the St. Clair and
Detroit rivers in 1983 and 1984; the most common, in order of frequency of
occurrence, were Chara spp., narrow-leaf forms of Potamogeton spp., Vallisneria
americana, Potamo 9 gramneus, P. rtchardsontt, MyriophylTum spicatum, and
Elodea cana ensis. other taxa occurred in less than 13% of the samples. Chara
spp. was the most commonly collected taxon in the St. Clair River and V.
americana was the most common in the Detroit River. The total number 57 taxa
at each location ranged from 7 to 14 and was highest in September. Percent
occurrence of individual taxa during each sampling period between 1983 and
1984 varied less-than 10% at each location.

In the St. Clair River in June, most submersed macrophyte taxa were less
abundant in 1984 than in 1983. However, a paired comparison of all taxa
showed significant differences only at Russell Island. A similar decline in
biomass of dominant taxa occurred in the Detroit River, but was significant only
at Belle Isle. Biomasv of most taxa in September was similar in 1983 and
1984. Changes in the areal extent of the submersed macrophyte beds also
showed similar trends between years, months, and locations.

Emergent macrophyte taxa were present in only two of the sampling grids
at the six locations. A small bed of Scirpus acutus was at the tip of FawnIsland. Stony Island had extensive bedsFT7 ltifolia and -p-rganiu
eurycarpum, usually in monotypic stands, and s Fpecte-sf Eleocharis,
Phalaris, Sag ttaria, and Scirpus occurred together in mixed stands. Mean dry
weight biomass of individual taxa varied from 10 to more than 2000 g/m2.

We captured 1,771 fish of 36 species in 1983 and 1,038 fish of 26 species
in 1984. Of the total of 39 species represented, only 7 were common (> 50
fish collected in each year); yellow perch, rock bass, hornyhead chub,
spottail shiner, striped shiner, rainbow smelt, and white sucker collectively
made up 86% of the total for both years combined. Only yellow perch and rock
bass were common to both rivers in both years. An average of 2.4 species was
collected per net set in 1983 and 1984. The number of species collected was
higher in the Detroit River than in the St. Clair River. The mean catch of
all species combined was nominally larger in 1983 than in 1984, increased from
May to October, was larger in the St. Clair River than the Detroit River, and
was larger in nets set in vegetation than in those set in non-Vegetated areas.
However, most of these differences were not significant at the 0.05 level.
The mean catches of yellow perch and rock bass were nominally higher in 1983
than 1984, but were significantly higher only at Russell Island and Belle
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Isle. Significantly more yellow perch were caught in nets set in vegetation
than in those set in non-vegetated areas at Fawn Island. A statistically
significant relation between catch and vegetation was not observed for other
species or at other locations. Most of the fish caught were adults.

The number of taxa of macrozoobenthos collected in this study (160)
exceeded that in any previous work on the SCDRS. Comparison with other large
river systems indicated that the diversity and density of macrozoobenthos is
much greater in SCDRS than in most other rivers of the world. Sediment
particle size and contaminant distribution basically determined the benthic
community in the SCDRS. The St. Clair River, with its wider range of sediment
size and diverse macrophyte community, was dominated by pollution intolerant
aquatic insects, amphipods, and snails. Diversity was similar in the area
around Belle Isle in the Detroit River. Low diversity of macrozoobenthos in
the lower Detroit River reflected a moderate effect of contaminants. The
constant flow, low turbidity, and luxuriant macrophyte growth in SCDRS were
major factors in stabilization and in the incorporation of fine deposits into
the sediments of the off-channel areas. As a result, densities and biomass of
macrozoobenthos were much higher than in the shifting sand habitat
characteristic of most rivers.

Community diversity, biomass, and percent coverage of macrophytes has
remained stable in SCDRS since at least 1978. The taxonomic composition and
abundance of aquatic macrophytes probably reflects the stability of flow more
than any other environmental variable. The lack of spates provides long-term
stability to the system. Narrow-leaf forms of Potamogeton spp. were more
common at shoal areas at the head and side of is ands n SCDRS than along the
shores of both mainlands. The maximum biomass estimates for the SCORS were on
the low side of the range reported for aquatic macrophyte stands in rivers at
temperate latitudes (110-520 gm2). We found the highest biomass in September
at every island, although biomass values for September were not significantly
different from those for July-August at Belle Isle and Pt. Hennepin. Turbidity
may be high enough in the Detroit River to prevent development of certain
species of submersed macrophytes in the deeper littoral areas.

This was the first study of the juvenile fish community in the
near-channel areas of SCDRS. Most species in the vicinity of these island
shoals were either rare, transient species, or preferred other areas of the
river. It is also possible that we were not adequately sampling this
community. We found that the tendency for catches of fish to be higher in
plant beds than in non-vegetated areas, may be species-specific, and depend on
location; the tendency was also stronger in 1983 than 1984, and was correlated
with season. Three of the four common species inhabiting the island shoals
were more abundant in vegetated than in non-vegetated areas.

The ice jam in spring 1984 appeared to affect at least two of the three
groups studied. Nine of the 24 most abundant taxa of macroinvertebrates
declined in abundance in spring 1984, but only in the St. Clair River. Six of
these taxa had recovered in fall 1984 to levels equalling or exceeding those
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in fall 1983 and the densities of the other taxa were within 30% of those in
1983. Areal coverage by submersed macrophytes was somewhat less in spring in
1984 than in 191M, particularly in the St. Clair River, but recovered to 1983
levels by fall 1984. Plant biomass varied between years and locations, and no
consistent differences could be attributed to the ice jam. Catches of fish
were lower in 1984 than in 1983, but differences in numbers between location
and month were inconsistent. Observed differences in the plant community
could be attributed to lower temperatures, and ice-scour may have reduced the
density of several taxa of macrozoobenthos.

This study was conducted to describe the distribution and abundance of
macrozoobenthos, aquatic macrophytes, and juvenile fishes in SCDRS in 1983-84.
We believe that we have addressed this objective for the open water season on
SCDRS within the constraints imposed by our data set, and that our study
provides a baseline data set that can be used to evaluate the major effects of
any future extension of the navigation season. We do not believe that the
results of our study can be used alone to answer the question of whether
increased winter vessel traffic will have a measurable effect on the biota of
SCDRS. Such an evaluation would require minimally the development of one or
more realistic scenarios in which the potential effects of vessel passage in
the extended season on ice, water, and sediment movement in the SCDRS was
adequately characterized, so that the impact of these physical changes on
biota could be examined over the range of expected conditions. Although some
adverse effects may have been associated with the ice jam in April 1984, we
cannot provide evidence to show that the ice jam was caused or exacerbated by
navigation, or that the jam simulated conditions that might result from vessel
operation in January or February. We believe that an evaluation of the
potential impacts of winter navigation on SCORS would be facilitated by the
development of an energy flow model plus an age-structured fishery model.
Research funded by the U.S. Army Corps of Engineers on SCORS has provided a
substantial base for development of models of these kinds. Additional data
are needed on phytoplankton, periphyton, zooplankton standing crop and
production, and terrestrial inputs to complete the energy budget. This
information would permit quantification of the simultaneous effects of all
components, according to their interrelationships in the ecosystem, and avoid
the problem associated with a piecemeal evaluation of the individual
components. Such models would be useful in partitioning impacts, so that
rational remedial strategies and mitigation could be attempted.

(
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ENVIRONMENTAL STUDIES OF MACROZOOBENTHOS, AQUATIC MACROPHYTES,
AND JUVENILE FISHES IN THE ST. CLAIR-DETROIT RIVER SYSTEM, 1983-1984

INTRODUCTION

The U.S. Army Corps of Engineers (Corps) is considering the extension of
operation of the Locks at Sault Ste. Marie, Michigan, from 8 January ± 1 week
to 31 January ± 2 weeks. To provide information needed in the preparation of
a Supplemental Environmental Impact Statement addressing this extension in the
winter operation of the lock facilities at Sault Ste. Marie, Michigan, and the
subsequent increase in vessel traffic in the St. Clair-Detroit River system
(SCDRS), the Corps funded a comprehensive environmental study of SCDRS in
1983-1985. The SCDRS includes the St. Clair River, Lake St. Clair, and the
Detroit River. The present study of macrozoobenthos, aquatic macrophytes, and
juvenile fish in SCDRS is an integral part of that comprehensive study. Other
components of the Corps-funded research on this system include those undertaken
by the U.S. Army Cold Regions Research and Engineering Laboratory on sediments
and water chemistry, by the Michigan Department of Natural Resources on adult
fish populations and anglers' catches, and by the U.S. Fish and Wildlife
Service (Sandusky Biological Station) on fish spawning and nursery areas
(Muth, K. M. et al. 1986).

The objectives of the present study were (1) to describe the present
distribution and abundance of macrozoobenthos, aquatic macrophytes, and
juvenile fish within SCDRS, and (2) to predict the potential environmental
impact of an extended navigation season on these organisms in SCDRS.

Currently (1986) there is some navigation on SCDRS during the proposed
extension period. This is the contemporary baseline condition, and extension
of lock operation would result in increased vessel traffic in the system over
and above the 1986 situation. Ice cover is limited or lacking in both St.
Clair and Detroit rivers during normal winters, but usually is well developed
on Lake St. Clair. Potential impacts of extended lock operation would typically
be evaluated on the basis of anticipated or modeled considerations involving
the biology, distribution and abundance of organisms in relation to ship
movement and ice breaking during winter ice conditions. However, an extensive
ice jam (described later), that occurred in spring 1984 on the St. Clair
River, provided an opportunity to evaluate differences in abundance and
distribution of biota that might be attributable to relatively large between-year
differences in ice cover, shipping activities, and ice scour.

Concern over possible adverse impacts of winter shipping on the Great
Lakes has provided impetus for a number of environmental studies on connecting
channels over the past several years (Gleason et al. 1979; Hiltunen 1979,
1980; Jones 1982; Liston et al. 1980, 1981; and Poe et al. 1980). These
studies were supplemented by pollution related studies on SCDRS (USACE 1980;
Harlow 1965; Michigan Water Resources Commission 1967; Ontario Ministry of the
Environment 1979; Texas Instruments 1975; and Thornley and Hamdy 1984).
Studies on fish in SCDRS (Goodyear et al. 1982; Hatcher and Nester 1983; and
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Poe 1983) documented the distribution of important taxa and their habitats.
An annotated bibliography of macrozoobenthos and aquatic macrophytes in SCDRS
was prepared with Corps funding (McCauley 1985). Limno Tech, Inc. (1985)
developed a bibliography and summary of the water quality problems in the
system. Thornley and Hamdy (1984) and the Ontario Ministry of the Environment
(1979) described the impact of man's discharge of contaminants, particularly
of organics and heavy metals, on the biota and habitat. Many of these studies
have pointed out the importance to the fishery of the extensive, submersed
macrophyte beds and their stable, macrozoobenthos-rich substrates.

One of the major environmental concerns associated with the impact of
winter navigation was the possibility of increased scouring of benthic habitat
by flow modifications and ice, and the displacement downstream of plants,
benthos, and substrate (Poe and Edsall 1982). In the present study we focused
on upstream areas of five islands and one shoal area that the USACE identified
as potentially vulnerable to impact by ice scour during an extended navigation
season. All six areas were extensively covered with submersed macrophytes.
Aerial photographs and plant and fish samples were taken from spring to fall
in 1983 and 1984 in each area. The benthos samples were collected along the
main navigation channel throughout the SCDRS, in spring and fall in 1983 and
1984.

Given the possible impact of ice scour on the benthic habitat in the St.
Clair River in 1984, we concentrated on statistically analyzing variation in
the abundance of major taxa of macrozoobenthos between years and between
rivers, in relation to physical variables and changes in fish and plant
populations. We then focused our attention on variation in community
structure of macrozoobenthos, plants, and fish in relation to the effects of
the ice jam.

DESCRIPTION OF THE STUDY AREA

The study area extended from Port Huron on the north to the lower end of
Grosse Ile on the south, including the St. Clair and Detroit rivers (Fig. 1).
The surface bedrock geology in the study area dates back to the Devonian
period, is of marine origin, and consists mainly of shales in the St. Clair
River and Lake St. Clair, and dolomites in the Detroit River. Glaciation has
modified the topography by scouring and filling. The SCDRS lies in a morainal
trough and is characterized by sediments consisting of glacial till and lake
and stream deposits. The rivers are incised into a bed of glacial, lake-
deposited clays with thicknesses of 80-200 ft (24-61 m) in the St. Clair River
(Cole 1903) and 20-140 ft (6-43 m) in the Detroit River (Mozola 1969).

The SCDRS which is 89 ml (143.2 km) long, and drops 8 ft (2.4 m) between
Lake Huron and Lake Erie, can be divided into five major segments: the upper
St. Clair River, the lower St. Clair River, Lake St. Clair, and the upper and
lower segments of the Detroit River (Fig. 1). Most of the following
hydrographic information on the system comes from Derecki (1984 a, b, c). The
upper St. Clair River is 27.9 mi (45 km) long ard receives water from Lake
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Huron and three major tributaries (the Black, Pine, and Belle rivers). The
lower St. Clair River, begins at the branching of the north and south channels
near Algonac, Michigan, is 11.2 mi (18 km) long and divides to form a large
delta area consisting of three main channels (north, middle, and south) and a
number of secondary channels that empty into Lake St. Clair.

Width of the St. Clair River ranges from 820 to 3,940 ft (250-1200 m)
and averages 2,625 ft (800 m) in the upper section. The widths of the three
main channels in the delta area range from 700 to 3,000 ft (214-915 m).
Mid-channel depths are 27 to 70 ft (8.2 - 21.5 m); a minimum statutory depth
of 27 ft is maintained by dredging. Littoral depths are typically 6-13 ft
(1.8-4.0 m). Mean Annual discharge rate of the St. Clair River into Lake St.
Clair was 214,000 ft3/s (6,060 m3/s) in 1983 and 209,000 ft3/s (5,920 m3/s) in
1984. These flows are about 17% higher than the historical average discharge
of 180,000 ft3/s (5,100 m3/s). Velocities in the St. Clair approach 6 ft/s
(1.8 m/s) in the navigational channel and range from 0.3 to 2.8 ft/s (0.09-0.86 m/s)
near the channel. Total flushing time from Lake Huron to Lake St. Clair is
normally about 21 hours; about one-third of this time is required to flush the
delta area. Stag and Fawn Islands, 8.7 mi (14 km) and 21.7 mi (35 km)
respectively, downstream from Lake Huron, are the only islands in the upper
section of the St. Clair River. The delta area includes Russell, Harsens,
Dickinson, and Seaway islands.

Lake St. Clair has a surface area of about 430 mi2 (1,114 km2), a mean
depth of 11 ft (3.4 m), and a maximum natural depth of 21 ft (6.4 m). A
navigation channel 18 mi (29 km) long, which has a statutory depth of 27 ft
(8.2 m) bisects the lake from the mouth of the South Channel of the St. Clair
River to the head of the Detroit River. These data are based on a Great Lakes
low water datum of 573.3 ft (174.7 m) above mean sea level; in 1983-1984 the
water levels were 3.25 ft (1.0 m) above this low-water datum. Major
tributaries are the Clinton River on the United States side and the Sydenham,
Thames, Belle, and Ruscom rivers on the Canadian side. Flushing time of the
lake is 5 - 7 days.

The upper Detroit River, which is 13 mi (21 km) long, receives water from
Lake St. Clair. The lower Detroit River, which is 18.9 mi (30.5 km) long,
begins at the head of Fighting Island, where the river separates into three
channels (Trenton, Livingstone, and Amherstburg). Major tributaries are the
Rouge and the Ecorse rivers, both on the U. S. side. Width of the river
ranges from 1,970 to 8,450 ft (600 - 2,600 m) in the upper section, and from
4,920 to 10,400 ft (1,500 - 3,000 m) in the lower section. Mid-channel depths
are 20 - 49 ft (6.2 - 15.1 m) and littoral depths are 7-20 ft (2.2-6.2 m).
Mean annual discharge rate of the Detroit River into Lake Erie was 217,000
ft3/s (6,140 m 3/s) in 1983 and 215,000 ft3/s (6,090 m3/s) in 1984. These
flows are about 17% higher than the historical average discharge of 185,000
ft3/s (5,200 m3/s). Average flow velocities were 2 -6 ft/s (0.6 - 1.8 m/s)
in the mid-channel region and 0.1 - 1.9 ft/s (0.03-0.58 m/s) in the nearshore
and near channel areas. Total flushing time from Lake St. Clair to Lake Erie
is about 19 hours in the main channel. The upper river has two large islands,

\)



5

Peach Island and Belle Isle, and the lower river has Fighting Island, Grosse
Ile, Bois Blanc, and several small islands.

The climate in the study area is semi-maritime due to its proximity to
lakes Huron and Erie. The mean annual surface air temperature is 9 - 10C
(48-50°F); however, intense cells of cold arctic air can lower temperatures as
much as 280C (810F) over a 24-hour period. Air temperatures from December to
March averaged 4.6°C lower in 1983-1984 than in 1982-1983. Air temperatures
were 1.0 C higher in April-June and 1.7°C lower in July-September in 1984 than
in 1983 (Fig. 2).

High winds and storms are common and significantly affect the thermal
budgets of Lake Huron and SCDRS. Prevailing winds are from the west. High
winds generate seiches and surges that strongly affect the lower Detroit
River, causing water levels to rise or fall 2-3 ft. Wind speed and direction
also sometimes affect ice buildup and cause ice jams in the St. Clair River.
Typically the river remains clear of ice and only a narrow band of shore ice
forms along the banks, except in the delta area. However, ice may enter the
St. Clair River from Lake Huron under the influence of northerly winds. The
current carries this ice downstream until it meets resistance from solid ice
cover in the delta or in Lake St. Clair. When large amounts of ice enter the
system, the ice accumulation may extend upstream from Lake St. Clair nearly to
Port Huron (Fig. 1). During most of the winter a large natural ice arch forms
at the outlet of Lake Huron and prevents ice from entering the river. This
condition usually lasts through the winter, but strong southerly winds,
particularly in March and April, may disrupt the ice arch and push the ice
field away from the river mouth. If the ice arch does not re-form, a north
wind can then push the ice field back into the river in large quantities, as
it did in 1901 (Cole 1903), 1920, 1942, and 1984 (USACE 1984).

In 1984 the ice jam in the St. Clair River lasted from April 5 to April
30 (USACE 1984). On April 1 no ice existed in the St. Clair River, but a
large pack of ice covered the southern portion of Lake Huron. On April 5 a
large amount of ice was reported floating downstream in the vicinity of Marine
City. By April 7 pack ice extended from Marysville to the mouth of the St.
Clair River. The large ice pack in Lake Huron and persistent winds from the
north in April choked the St. Clair River with ice until April 30. Ice as
thick as 8 ft was reported. Water temperature during April in the St. Clair
River was about 6*F lower than normal and a reduction in flow of almost 95,000
ft3/s (2690 m3/s) resulted in a 2-ft drop in the Lake St. Clair water level
for about 3 days. During April at least 140 vessels were led through the St.
Clair River by four Coast Guard ice breakers. Movement through the river at
this time was slow and difficult, and several vessels ran aground.

The upper Detroit River normally does not freeze over, except in the
broad, shallow area between Belle Isle and the United. States mainland. Minor
ice Jams occur when large quantities of floe ice from Lake St. Clair encounter
the narrow channel and shallow ice-covered areas in the lower river, which
block downstream passage of the floe ice. Easterly winds can also cause

(
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3 jams by moving Lake Erie ice into the lower river. Ice cover develops in the
lower river in the broad, shallow expanses adjacent to the many islands;
however, the main navigation channels are generally open. Occasionally the
river fills completely with ice, when there is heavy ice movement from Lake
St. Clair and the river mouth is blocked by ice from Lake Erie (Derecki 1984 c).

Concentrations of toxic materials in sediments are elevated in several
areas within SCDRS. Although we collected no data on contaminants, past work
has demonstrated that contaminants adversely effect the health and abundance

1985). Concentrations of pollutants in the sediments of SCDRS are relatively
high and some exceed EPA criteria; potential contaminants treated by Ontario's
guidelines and IJC objectives are polychlorinated biphenyls (PCB), hexachlorobenzene
HCB), octachlorostyrene (OCS), phenol, polyaromatic hydrocarbons (PAH),

cyanide, oil and grease, cadmium, chromium, and mercury. The contaminated
areas tend to be near shore, and near point sources, but also include
depositional zones far removed from known point sources. The distribution of
contaminants in sediments is difficult to assess--as it is in most riverine
environments. The major point source in the St. Clair River is the Sarnia
industrial complex. The reported ranges of concentrations of contaminants in
the upper St. Clair River follow: PCBs, 0-10,000 ppb; OCS, 0-193 ppb; oil and
grease, 250-600 ppm; and mercury, 0.1-58 ppm. PCB levels exceed the Ontario
? uidelines (50 ppb) and IJC objectives (100 ppb), and mercury in certain areas
>1 ppm) exceeds the EPA guidline (no standards exist for OCS in sediments).

Oil and grease levels are acceptable In most areas. Concentrations of
contaminants are lower In the St. Clair delta, but sampling there has been
limited. Deposition of sediments in Lake St. Clair in the mid-lake area near
the navigational channel has resulted in the following ranges of
concentrations: PCB 0-50 ppb, HCB 36-99 ppb, OCS 0-30 ppb, cadmium 1-2 ppm,
and mercury 1-3 ppm. Cadmium concentrations (>1 ppm) exceed Ontario's
guidelines and mercury levels indicate heavy pollution; no guidelines exist
for HCB in sediments. The entire Detroit River--particularly the lower
section associated with the industrial complex on the U.S. shore--is the most
severely polluted area in SCDRS. Pollutants include PCB 0-3800 ppb, HCB 0-36
ppb, OCS 0-10 ppb, oil and grease 100-29,000 ppm, cyanide 0.25-2.94 ppm,
phenols 0-1 ppm, chromium 4-330 ppm, mercury 0-8 ppm, and cadmium 0-17 ppm.
PCB, oil and grease, cyanide, chromium, cadmium, and mercury levels exceed
EPA's guidelines for heavily polluted sediments. No standards exist for
phenol or PAH. A total of 15 PAH compounds have been found at detectable
levels, and mean concentrations of individual compounds measured have been as
high as 39 ppm. Some of these data were collected in the 1970's, and some
pollutants have declined since then. Hamdy and Post (1985) concluded that
mercury in superficial sediments of the Detroit River declined substantially
between 1970 and 1980. Pugsley et al. (1985) could not determine whether PCB
levels in sediments had decreased or remained reasonably static in SCDRS over
the last 10 years, and Mudroch (1985) found metal concentrations in the
Detroit River to be significantly higher in 1983 than in 1969-73. More data
are needed to provide a comprehensive and current assessment of contaminants
in sediments, and to establish standards.

!
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MATERIALS AND METHODS

MACROZOOBENTHOS

A total of 756 macrozoobenthos samples were collected with a standard
Ponar grab (484 cm2) along 21 transects in the St. Clair River, Lake St.
Clair, and the Detroit River (Fig. 3; Appendix A). The sampling locations
were considered to be areas most likely to be affected by ice scour or vessel
passage during winter navigation. Triplicate samples were taken at each of
three stations on each transect in May and October in 1983 and 1984. Stations
were located on the sloping side of the shipping channel (channel stations),
immediately adjacent to the channel on the crest of the channel slope
(near-channel stations), and between the crest of the channel slope and the
adjacent shoreline (off-channel stations). Sampling was most difficult on the
channel slope because the hard, current-swept bottom could not be sampled
effectively with a Ponar grab; it was particularly difficult in the lower
Detroit River, where the bottom type is mainly bedrock and boulders. Samples
were concentrated in the field by washing them in a standard U.S. No. 30 sieve
(0.65 mm mesh), preserved in a 10% formalin-phloxine B mixture, and taken to
the laboratory for processing.

In the laboratory, each sample was divided into aliquots of a size
convenient for processing and the organisms were then extracted manually from
each. The residue from the aliquots collectively composing a sample was then
pooled and mixed with a sugar solution to float any remaining organisms, which
were then extracted manually from the sugar solution and added to those
previously removed from the sample. Samples that required more than 20
man-hours to process (i.e., samples containing large numbers of Hydra and
small oligochaetes) were reduced as follows. All organisms exceptydH raand
small oligochaetes were removed from the sample and the rest of the sample was
then subdivided with a Folsom Splitter until a 1/8 aliquot was obtained. In
this aliquot, the total numbers of Hydra and oligochaetes were counted and
these counts were then used to esti----the total number of organism of each
taxon that was present in the whole sample. Macrozoobenthos density data
(No./m 2) at each station is shown in Appendix B and summarized in Appendices C
and D.

Macrozoobenthic organisms were placed on a glass fiber filter, dried in
an oven at 600C for 24 hours, and weighed to the nearest 0.1 mg for biomass
determinations. Ash-free dry weight was obtained by reheating the dried
samples in a muffle furnace at 5250C for 1 hour. The biomass data are given
in Appendix E.

Organisms picked from the samples were identified to the lowest feasible
taxon before they were dried. Most were identified to genus; when mature
specimens were available (e.g. clams, leeches, copepods and cladocerans),
identification was to species; and other forms such as nematodes, turbellarians,
oligochaetes, and mites were identified only to family level or a higher
taxon. Specimens of leeches were sent to Don Klemm (U.S. Environmental
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Protection Agency), and freshwater mussels to Tom Freitag (Corps, Detroit
District), for identification and verification. To complement the collection
of immature insects and to develop a species composition list of aquatic
insects living in SCORS, adult insects were collected periodically with
sweepnets and light-traps from May to October during both years. Adults of
major taxa were sent to the following specialists for identification and
verification: Brian Armitage, Athens University, Athens, AL (Trichoptera);
Ken Tennessen, Tennessee Valley Authority, Decatur, AL (Odonata); Manny
Pescador, Florida Agricultural and Mechanical University, Tallahassee, FL
(Ephemeroptera); and Ole Saether, University of Bergen, Bergen, Norway
(Chironomidae).

At each macrozoobenthos station we recorded Loran coordinates (TI 9900
Loran C Navigator; accuracy given in manual as ±300 ft), water depth (sounding
line or Ray Jefferson Model 202, depth computer), surface and bottom
measurements of current velocities (Marsh McBirney Model 201 Portable Water
Current Meter), bottom type (e.g. silt, sand) as estimated by visual and
textural means, and water temperature (Yellow Springs Instruments Model 54
Oxygen Metey). The physical data set is given in Appendix F and summarized in
Appendix G.

The macrozoobenthos data were subjected to analysis of variance (ANOVA)
to test for significant (P < 0.05) differences in abundance between stations,
transects, months, and years (Appendix H). We tvansformed density estimates
using square root transformations (No./mZ + 0.5) , so that ANOVA assumptions
of normality and homogeneity of variance were better met. We used Tukeys
Studentized Range Test to distinguish among levels of abundance at each
station, transect, month, and year. To assess the relationship between
macrozoobenthos density and environmental variables (depth, water velocity,
bottom type, and temperature), we used the Pearson Product-Moment Correlation
procedure. We performed all statistical analyses with SAS (SAS Institute Inc.
1982).

AQUATIC MACROPHYTES

Aquatic macrophytes were collected during late June, late July-early
August, and early September at Stag, Fawn, and Russell islands in the St.
Clair River, and at Belle Isle, Point Hennepin, and Stony Island in the
Detroit River. Plants were sampled at the upstream end of each island and on
the side of the island adjacent to the navigation channel (Fig. 4). A
sampling grid with 500-ft-square blocks was used to distribute sampling effort
at each site (Appendix I). The grid was set by using a 100-ft tape, staff
buoys, and line-of-sight compass readings on shore structures. After the grid
buoys were in place, we made grapnel hauls at the grid intersections and
collected Ponar or hand-harvested samples within individual blocks.

1/ Mention of name brands does not imply Government endorsement of commercial
products.
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The grapnel was lined with 1-cm-square mesh hardware cloth and was dragged
along the bottom for a distance of 30 ft at each grid intersection. Submersed
macrophytes collect~d with the grapnel were sorted to species, the percent
abundance of each taxon collected was estimated, the total weight of the
sample was taken, and the sample was discarded in the field. Water depth at
grapnel stations was 2-35 ft. The data set is in Appendix J and is summarized
in Appendix K.

Once the grapnel collections were completed, the dominant stand of
submersed or emergent vegetation in each block was selected on the basis of
the grapnel collections and visual observation. Each block was then sampled
in triplicate, either with a standard Ponar dredge (for submersed plants), or
by hand with a 0.6-M2 steel hoop (for emergent plants). Sampling depths were
2 to 13 ft. At several locations, some blocks contained no vegetation and
others contained several stands that were considered to.be dominant. Blocks
that had several dominant or subdominant stands were revisited and were
sampled in triplicate until the following minimum number of samples had been
obtained during each sampling period at each location:

St. Clair River Detroit River

Stag Island 60 Belle Isle 40
Fawn Island 44 Point Hennepin 56
Russell Island 36 Stony Island 44

Samples of vegetation from each Ponar grab or steel hoop collection were
placed in plastic bags, stored in a portable cooler, and transported to the
laboratory. In the laboratory, macrophytes were sorted and identified by
consulting taxonomic keys (Hotchkiss 1967, 1970; and Voss 1972). Dry weight
(105°C for 24 hours) and ash-free dry weight (525C for 24 hours) of each
taxon in each sample was determined to the nearest 0.1 mg and reported as
grams of plant matter per square meter of substrate sampled. Data for
submergent macrophytes are in Appendix L and those for emergent macrophytes
are in Appendix M. The analysis was done on dry weight biomass, but results
can be converted to ash-free dry weight (AFDW) by using the following
equation: log e AFDW (g) = -0.5436 + 0.9984 loge dry weight (g), where n =
4100 and R2 = 96%.

We encountered taxonomic difficulties with the narrow-leaf pondweeds and
the Potamogeton gramineus-praelongus-illinoensis group. There were at least
two narrow-leaf pondweeds in SCDRS (P. pectinatus and P. filiformis), that
were difficult to identify to species when they were wlthout flowers or seeds.
Consequently we routinely identified them as narrow-leaf forms of Potamogeton
and in the text refer to them as Potamogeton spp. Potamogeton natans, a
broad-leaf form in its early stages of development,is superfici-aTTy-characterized
by narrow leaves. Early in the season we identified it only as Potamogeton
spp. Identification of P. 9ramineus, P. praelongus,. P. illinoensis, and the
occasional hybrid was dificEut without see structures, due to variations in
leaf form (which depend on temporal and spatial growing conditions). Schloesser
and Manny (1982), in an extensive survey of SCDRS in fall 1978, did not collect P.
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praelongus, but recorded P. illinoensis at about 1% of the stations and P.
graineus at 6-15%. Probia1y P. gramieius made up 90% of this particular
group ofTbroad-leaf pondweeds Tn the SCDRS.

The distribution of aquatic macrophytes in the 500-ft square sampling
blocks was mapped to scale by using 9- x 9-in., color, aerial photographs
taken at each location during or immediately after each sampling period.
The photographs were taken dbring mornings or afternoons when there was little
cloud cover or wind, with a Wild Heerbrugg RC-8 camera (15.24-cm focal length,
F 5.6 at 1/300 second) and Aerochrome MS aerographic (transparency) film (type
2448). The transparencies had a nominal scale of about 1:5000 and a minimum
resolution of 1.5 m. Photograph coverage at each location was indexed on
1:15,000 scale NOAA charts by reference to landmarks visible on both the
transparencies and the charts (Appendix N). Transparencies were examined with
the aid of a translucent light table. The photointerpreter prepared a
macrophyte map for each location and sampling period maps based on color,
texture, and relative density of the submersed and emergent beds. Collateral
ground truth information was also used in interpretation and preparation of
the maps. One 9- x 9-in. color print (one-color balancing, no enhancement)
was produced from each transparency (Appendix N) and used to construct the
macrophyte maps shown in Appendix 0.

At each macrophyte station we recorded Loran coordinates, water depth,
surface and bottom measurements of water velocities, and incident light
(Protomatic Incident Light Meter, foot candles). The physical data set for
the grapnel collections is in Appendix J and is summarized in Appendix K. The
physical data set for the Ponar grab collections is in Appendix L.

An ANOVA procedure was used to determine if the biomass of aquatic plants
varied significantly (P < 0.05) among blocks, or sampling dates at each of the
six islands (Appendix P)- We used square root transformations to normalize
the biomass estimates and Tukey's Studentized Range Test to distinguish between
levels of abundance at each block, month, and year. Because replication
within blocks was unequal, we used only the first three replicates (dominant
stand) for analysis. This procedure resulted in a balanced design that is
more accurate and computationally efficient than an unbalanced design. The
Wilcoxon Signed Rank Test was used to test absolute differences between paired
yearly biomass estimates of different taxa at each location and month. The
Pearson Product-Moment Correlation procedure was used to assess the relation
between taxa and environmental variables (depth, water velocity, and incident
light).

JUVENILE FISH

Fish were sampled with hoop nets in the St. Clair River at Stag, Fawn,
and Russell islands, and in the Detroit River at Belle Isle, Point Hennepin,
and Stony Island (Fig. 4) during late May, late June, late July-early August,
early September, and early October in 1983 and 1984. The nets were 2.5 feet
in diameter and 10 feet long, and constructed of 1-inch (stretched measure)

11.
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nylon mesh. Each net was fitted with wings about 6 feet long and 3 feet high,
constructed of 2-inch mesh nylon. Nets were set in the gridded area used for
macrophyte sampling, in water 3-6 ft deep, for 24 hours; the net mouth faced
downstream. At each location, two nets were set in submersed aquatic
vegetation and two others in nearby non-vegetated areas. A total of 240 net
sets were made. Fish caught in each set were sorted to species, weighed to
the nearest gram, measured (total length to the nearest millimeter), and
released. Age was determined by consulting age-at-length records for fishes
of Ohio, including western Lake Erie (Trautman 1981). The fish data set is in
Appendix Q.

We used ANOVA techniques based on a factorial model for comparing
catches. Because the lack of vegetation in spring 1984 unbalanced the study
design for that year, we computed by regression with dummy variables. The
factorial model included the effects of location (river); month and year,
which were fixed; and the effect of plant density, which was considered
random. Because of the relatively large number and levels of effects, we made
the analysis by location (Appendix R). Catch data were normalized by using a
square root transformation. The analysis was done on total catch, total
number of species, and the catch of the two most common species--yellow perch
and rock bass. We used Tukey's Studentized Range Test to distinguish among
the levels of catch for each main effect. To assess the relation between
catch and environmental variables (depth, current velocity, incident light,
temperature, bottom type), we used the Pearson Product-Moment Correlation
procedure.

At each station we recorded Loran coordinates, water depth, surface and
bottom measurements of current velocities, incident light, bottom type, and
water temperature. The physical data set for the fish collections is in
Appendix S.

RESULTS

MACROZOOBENTHOS

Taxonomic Composition

The diversity of macrozoobenthos in SCDRS was highest in the upper
Detroit River, where we identified 101 distinct taxa, and lowest in Lake St.
Clair, where we recorded 65. We counted 98 taxa in the upper St. Clair, 95 in
the lower St. Clair, and 80 in the lower Detroit River. The taxonomic composition
and abundance of macrozoobenthos, by location and year, are summarized in
Appendix C where the 21 transects are grouped into five geographic regions
(transect numbers in parentheses): upper St. Clair River (I-V), lower St.
Clair River (VI-X), Lake St. Clair (XI-XIII), upper Detroit River (XIV-XVII)
and lower Detroit River (XVIII-XXI). Many of the 162 taxa listed in Appendix
C are higher level designations that include unidentifiable, immature, or
damaged specimens; these taxa may include genera or species already listed.
However, when counting taxa by location or year, we excluded those for which
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pk lower order taxa belonging to the same group were already listed. The list
assuredly underestimates the diversity of this system because lack of suitable
keys restricted most of the identifications to genus, family, or a higher
level. For example, the midges are listed only to family (Chironomidae),
although the qualitative work we performed on both larvae and adults of this
family indicated that the group included at least 58 genera and 127 species.
However, comparisons can be made of relative diversity between areas and years
in Appendix C because taxonomic effort was uniform throughout the study.

A few sponges were collected everywhere except in the lower Detroit
River, where none were seen (Appendix C). Bryozoa were lacking in Lake St.
Clair and were scarce at other locations. Two genera of coelenterates were
represented in the samples by Cord lophora lacustris (a single specimen from
the upper Detroit River), and Hydra (present throughout the system and one of
the most common benthic taxa Collected).

The flatworm taxa Rhabdocoela and Tricladida were common at all locations
and in both years in SCDRS. Rhabdocoela were more common than Tricladida,
particularly in Lake St. Clair. Tricladida occurred most frequently in the
Detroit River. The two taxa were combined (as Turbellaria) and analyzed
statistically in the next section. A single specimen of a third flatworm
taxon, Trematoda, was collected in the Detroit River.

Nemertinea and Nematoda were collected at all locations in both years.
Nemertinea usually occurred in over 50% of the samples in both rivers, but in
only 1-2% of the samples taken from Lake St. Clair. Nematodes were
ubiquitous, occurring in over 95% of the 756 samples collected.

The annelids Oligochaeta and Polychaeta were two of the most abundant
taxa in the system. Oligochaetes were partly divided into smaller taxa,
including Nais, Stylaria, Branchiura, and Spirosperma, because they could be
easily identfied. All remaining taxa were combined as Ollgochaeta and
occurred in every sample from the lower St. Clair River downstream. Nais was
common in both rivers, but not in Lake St. Clair. Branchiura sowerbyi was
collected only in the upper Detroit River. Spirosperma occurred in at least
50% or more of all samples at all locations, and in over 90% of the samples
from the Detroit River. The only polychaete found, Manayunkia speciesa, was
uncommon in the upper St. Clair River, but occurred Ia of the sampes from
Lake St. Clair.

The other annelids in the system, leeches, were not abundant, and most
specimens could be identified to species. A total of 12 species were
identified (Table 1), of which 11 were recorded in the St. Clair River, 5 in
Lake St. Clair, and 8 in the Detroit River. The upper and lower portions of
the St. Clair River had similar total numbers of species (eight and nine,
respectively), but had only five species in common. Of the species found in
Lake St. Clair, only Placobdella montifera was unique to the lake. Glossiphonia
complanata, Helobdella apillata,iandPiscicola milneri were collected only in
the St Clair River. Most spec es occurred in less than 10% of the samples.

f.
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Table 1. Density (mean No./m) and (in parentheses) percent frequency of occurrence of

Hirudinea in Ponar grab samples from SCDRS in 1983-84.
a/

Locality and number of samples
St. Clair River Lake Detroit River

Upper Lower St. Clair Upper Lower
Taxon (n - 180) (n - 180) (n - 108) (n = 144) (n - 144)

Actinobdella
inequiannuata T (2) 0 (0) 0 (0) T (2) 0 (0)

Batracobdella
phalera 0 (0) T (2) 0 (0) 0 (0) T (4)

Erpobdellidae 3 (23) 1 (5) 0 (0) 7 (23) T (2)

Erpobdella punctata 1 (4) 0 (0) 0 (0) 1 (2) 0 (0)

Glosslphonlidae 0 (0) 0 (0) 0 (0) T (6) 0 (0)

Glossiphonia complanata 0 (0) 1 (7) T (3) 0 (0) 0 (0)

Glossiphonia heteroclita 0 (0) 1 (5) 0 (0) 1 (10) T (2)

Helobdella elongata T (4) 1 (8) 7 (33) 2 (15) 0 (0)

Helobdella papillata T (2) T (2) 0 (0) 0 (0) 0 (0)

Helobdella stagnalis T (4) 1 (5) 3 (31) 1 (10) 0 (0)

.elobdella triserialis T (2) T (2) 0 (0) 1 (4) T (2)

Hirudinea T (4) 0 (0) 0 (0) 0 (0) 0 (0)

Plscicolidae 1 (4) T (3) T (3) 0 (0) 0 (0)

Piscicola 1 (10) 1 (7) 0 (0) T (2) 0 (0)

Piscicola milneri T (2) T (5) 0 (0) 0 (0) 0 (0)

Placobdella montifera 0 (0) 0 (0) 1 (8) 0 (0) 0 (0)

Placobdella papillifera T (2) 0 (0) 0 (0) 0 (0) 0 (0)

a/ T a trace (< 0.5/m).
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In Lake St. Clair in 1983, Helobdella elongata was the most frequently collected
(44%) and densest (46/m2) of the leeches-.Declines in abundance and percent
occurrence about equaled increases between 1983 and 1984 for all taxa and
locations (Appendix C). Because of the low density of individual species, the
group was analyzed in detail as a class.

We identified 36 taxa of Cladocera and Copepoda (Appendix C). Inasmuch
as most specimens were too small to be retained by our sieve, their densities
reflect their presence rather than their true abundance. Furthermore, many of
the taxa represented in our samples are planktonic and were probably entrapped
in the Ponar as it descended through the water column. This group includes
Diaphanosoma, Holopedium, Leptodora, all Daphnia species, Bosmina, Polyphemus,
Limnocalanus, ura, Diaptomus, Cyclops, o .Tueanenthic
cladocerans and cyclopoids include Eurycercus, Camptocercus, Alona, Sida,
Ilyocryptus, Macrocyclops, Eucyclops, aracyclops, and the Harpcico .
Dania, Diaptomus, and Bosmina were the most common planktonic taxa and
Hapacticoidalocryptus, Sida, and Macrocyclops the most common benthic
taxa.

Other crustaceans common in the system included Ostracoda, Gammarus,
Hyalella, Asellus, and Lirceus. Although rare, crayfish and Pontoporeia were
taen most frequently inthe1St. Clair River. Densities of llus, and
Lirceus are combined and analyzed as Isopoda in the next secti'on.

The terrestrial insects collected with the Ponar included both those that
are strictly terrestrial and those that have aquatic early-life stages. They
occurred in over 20% of the samples at each location and year and were most
common in the St. Clair River. Average densities never exceeded 12/m 2.
Densities of most were higher in 1984 than in 1983.

Chironomids were the most common and abundant aquatic insects collected
in SCDRS (Table 2). Some genera were collected only as adults and others only
as larvae. Seven genera were collected at all five locations (Ablabesmyia,
Chironomus. Coelotanypus, Cr ptochironomus, Parakieferiella, Polwedilum, and
Procladius); three in only the St. Clair River (Chernoskia, Cladotan tarsus,
and Paratanytarsus); and four in only the Detroit River (Psectrocla ius,
Paratricocladius, Lauterborniella, and Acricotopus).

Other Diptera identified from the system included the families
Ceratopogonidae, Empididae, Tipulidae, and Psychodidae and the genus Chaoborus
(Appendix C). Ceratopogonids were collected at all locations and in both
years; densities were highest (> 14/M 2) in Lake St. Clair and the Detroit
River, and were higher in 1984 than in 1983 at most locations. Empidids were
common (20/m2) in the upper St. Clair River, not collected in Lake St. Clair,
and scarce (< 7/m2) elsewhere. Densities were similar in the two years.
Psychodids were occasionally collected in both rivers; tipulids and Chaoborus
were rare.

Among mayflies, eight genera were collected as nymphs, and three--Cloen,



Table 2. Distribution of genera of Chironomidas and estimated number of species Per

genus in SCDRS in 1983 -80a1.

Genus No. of Localit
species St. Clair River Lake BetroitRier
in genus Upper Loe St. Clair Upper Lower

Ibaesya 6 -- - A
R FOO-us I A A - -

_______ I AL AOL L AOL A
Chi nomus 8 AL AOL L AL A

irnovsklla 1 AOL ---

Clado ima 1 -- A
t;]WIRsEus 2 AOL AL - AOL A

1 - -- a A
0 anyousi 2 L L L AOL AL

Conchap al 1 AOLL L
o o a3 L -A A

11 AL AL - AL AOL
UC-5-foTMlooelma 2 A A - -

Cryptochi ronmms
6 AL AOL L AOL AL

rypotendis 2 A- - A A
1firpocio A A - A

U roedps3 AL A - AL AL
____i 1 A --

ipi14us 1 L AL L L
_iferel 1I A - A .

Gilyptotendos 2 A - --

Hrisia 1 A A - L A
Meterotrissocladius I - L-
Hydrobaenus 1 L A L
rUiFr1yW1ITa 1I A - A-
Larsia - 1I A ---
tLauTe-rborniella 1 -- A-
Limnphyes 2 A A - -A

ess tta 1 A -A-

W--op-seUra 3 A L A
NTZF-M--io-s 1I A --

_____&-eS 1 L L LNaocdus 4 AL AOL - A, L
NtlothSala 1I - L-
UR WTiMus 4 AOL A L - A
ParachirFonomus 6 A A - A A
Parakieterriella I AL A L AL-
Paralauterborniella 1 A A A A
!Kjj anS Fus 2 A A - - -

1 - - - I -1

Piaraticl~adius 1I A
Pentaneura 1 AL A - -A

Pr -npeta2 A A - -

0 JI KEUii 7 AL AL L AL A,L
TOMtii1i 1 L L L L
Procladius 2 AOL AOL L AL AL
Psedoi omus 3 AL L L AL-

Pseudosmittla 1I A- --

Rhoayass3 AL AL - A9,L AL

SM1T1 A - A -

M fmpelina I AL- --

Sffc-i-c-TF-nomus 1 A - A
Tanou 1 A - - A

ayass5 AL AL - AL A
Theeni myia 1 A - --

TinocFronomus 1 L

A/ A adults; L larvae.
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Ephemera and Stenacron--only as adults (Table 3). Each genus in which species
identification was feasible was represented by one species. In the genera
Caenis and Tricorythoes, species identification was not feasible. Nymphs of
Henia and Caenis occurred at all locations and years, and average abundance
sometimes excee e"dOO/m2. The abundance of Ephemerella, Baetisca, and
Stenonema averaged 0-46/M 2; these three taxa were collected at1al locations
WIN -one exceptton--Ephemerella was not collected in the lower Detroit River.
Ephemerella and Stenonema were most abundant in the St. Clair River, and
densities of Ephemerella were markedly lower in 1984 than in 1983, whereas the
density of Stenonema was higher in 1983 (Appendix C). Baetisca nymphs were
most common in the upper Detroit River and were more abundant in 1984 than in
1983. Average densities of Tricorythodes, Brachycercus, and Baetis were
usually less than 1/m2.

Coleoptera were represented by two families, a few-of which were collected
only in the St. Clair River. Dubiraphia (Elmidae) was the most abundant
genus. Brychius (Haliplidae) was represented by only two specimens.

Lepidoptera larvae were usually identified only to order, but several
individuals of the family Pyralidae were identified. Larvae were collected
only at river transects, and average densities never exceeded 5/M2 (Appendix C).

Trichoptera of 20 genera were collected as larvae and an additional 8
genera were collected only as adults; one additional taxon, Helicoesyche was
recorded as present only by the collection of its unique case (Table 4).
Cheumatopsche and Hydropsyche were the most commonly collected caddisflies in
e two rivers and Oecetis was the most abundant caddfsfly in Lake St. Clair.

Other genera with average densities greater than 13/M 2 were Brachcentrus and
Protoptila, whose distribution was almost exclusively in the St. Clair-River,
and Polcentropus and Mystacides whose densities were highest in the St. Clair
River. Phylocentropus was limited almost exclusively to the upper Detroit
River. Of the rarer genera, Micrasema, Phryganea, and Pycnopsyche were
collected only in the St. Clair River an y ila, Macrostemum, and
Potamyia only in the 

Detroit River.

Corixidae and Odonata, which are typically found in quiet backwater
regions of large rivers, were rarely collected in SCDRS. Damselfly naiads
were found only in the lower St. Clair and Detroit rivers (Appendix C). Adult
damselflies of the genera Enallagma, Ischnura, and Lestes were collected in
both rivers (Table 5); a cursory identification of nai-'a-ds indicated that most
belonged of the genus Enallagma. Dragon fly naiads of the genera Gomphus and
Stylurus were collected, a ong with adults of the genera Anax and TrFamea.

Plecoptera were rare, and limited to samples f'om the St. Clair River
(Appendix C). Two distinct taxa were identified as nymphs--specimens in the
family Perlodidae and in the genus Isogenoides. Adults of Perlesta were also
collected adjacent to the St. Clair River.

Acarina were collected at all locations and In both years. A few tardigrades
were collected in both rivers; densities were highest in the lower Detroit River.

r



20

Table 3. Density (man No./a) and (in parentheses) percent frequency of occurrence of

different genera of Ephmeroptera in Ponar grab samples from SCDRS in
1983414.a /

Locality and number of samples
St. Clair River Lake Detroit River

Upper Lower St. Clair Upper Lower
Genus (n - 180) (n - 180) (n - 108) (n - 144) (n - 144)

Baetis T (6) A 0 (0) T (2) A

Baetisca 5 (17) 6 (15) T (3) 32 (54) 6 (31)

Brachycercus 0 (0) 0 (0) .0 (0) T (4) 0 (0)

Caenis 96 (50) 349 (87) 1 (14) 29 (38) 14 (21)

Cloeon 0.0 0.0 0.0 A 0.0

Ephemra 0.0 0.0 0.0 A 0.0

Ephemerella 32 (31) 11 (23) T (3) 1 (6) 0 (0)

Hexagenia 224 (54) 670 (83) 1210 (100) 69 (58) 6 (38)

Stenacron A A 0.0 A A

Stenonema 22 (50) 7 (20) T (3) 1 (4) 1 (6)

Tricorythodes 0 (0) T (2) 0 (0) T (2) 1 (8)

/ A - adult; T a trace (c 0.5/mz).
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Table 4. Density (mean NO./.') and (in parentheses) percent frequency of occurrence of

adifferent genera of Trichoptera in Ponar grab samples from SCORS in 19834.' /

Locality and number of samples
Genus No. of St. Clair River "ate uetroit River

species Upper Lower St. Clair Upper Lower
in genus (n 180) (n -lg) (n 108) (n - 144) (n a 144)

Aeraylea 1 0 (0) 0 (0) 0 (0) 0 (0) A

Branchycentrus 1 7 (31) 23 (33) 0 (0) T (2) 0 (0)

Ceraclea 4 5 (46) 13 (42) 0 (0) 3 (2S) 1 (6)

Cheumetopsyche 2 113 (77) 22 (32) 3 (6) 700 (75) 35 (44)

Helicopsyche 1 0 (0) S (0) 0 (0) 0 (0) 0 (0)

Hydropsyce 2 to (8S) 22 (33) 0 (0) 208 (56) 33 (48)

Hydroptila 1 T (4) 1 (8) 0 (0) T (2) 7 (27)

Limnephilus 1 A 0 (0) 0 (0) 0 (0) 0 (0)

acrostm' 1 0 (0) 0 (0) 0 (0) 0 (0) T (2)

Micrusem 1 T (2) 1 (5) 0 (0) 0 '(0) 0 (0)

Nolanna 1 0 (0) 0 (0) 0 (0) A 0 (0)

Mystacides 1 5 (29) 9 (28) T (3) T (2) 0 (0)

Nectopsyche 2 T (6) 2 (15) 0 (0) T (6) T (2)

Netrichia 1 0 (0) 0 (0) 0 (0) A 0 (0)

Neureclipsis 1 14 (27) 21 (30) 0 (0) T (4) 31 (31)

Myctioghylax 1 0 (0) A 0 (0) 0 (0) 0 (0)

Ochrotrichia 1 0 (0) 0 (0) 0 (0) A 0 (0)

Oecetis 2 13 (33) 39 (62) 41 (88) 14 (33) 3 (10)

Orthotrichia 1 0 (0) T (3) 0 (0) T (2) 1 (8)

Oxyethira 1 A 0 (0) 0 (0) 0 (0) A

Phylocentropus 1 T (2) 0 (0) 0 (0) 8 (19) 0 (0)

Phryganta 1 T (2) 0 (0) 0 (0) 0 (0) 0 (0)

Polycentropus 2 T (6) 15 (32) 0 (0) T (4) 6 (21)

Potamyia 1 0 (0) 0 (0) 0 (0) 0 (0) T (2)

Protoptila 1 17 (19) 0 (0) 0 (0) T (4) A

Psychomyl 1 0 (0) 0 (0) 0 (0) 0 (0) A

Pycnopsyche 1 0 (0) T (3) 0 (0) 0 (0) 0 (0)

Setodes 1 T (8) 4 (23) 0 (0) T (4) 0 (0)

Triaenodes 2 2 (10) 3 (28) 0 (0) T (4) T (6)

a/ A - adult; T * trace (4 O.S/m); S - shell only.
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Table 5. Density (mean No./m) and (in parentheses) percent frequency of occurrence of
Odonata in Ponar grab samples from the SCDRS in 1983-84. a/

Locality and number of samples
Taxon No. of St. Clair River Lake Detroit River

species Upper Lower St. Clair Upper Lower
in taxon (n - 180) (n M 180) (n 108) (n a 144) (n 144)

Anax 1 A 0 (0) 0 (0) 0 (0) A

Coenagrionldae 1 (5) 1 (3) 0 (0) 0 (0) 4 (7)

Enallagma 5 A 0 (0) 0 (0) A A

Gomphus I A T (1) 0 (0) 0 (0) T (1)

Ischnura 1 A 0 (0) 0 (0) A A

Lestes 1 0 (0) 0 (0) 0 (0) 0 (0) A

Stylur us 1 T (1) 0 (0) 0 (0) 0 (0) 0 (0)

Tramea 1 0 (0) 0 (0) 0 (0) 0 (0) A

a/ A adult; T trace ( 0.5/m.).



23

Gastropods were abundant and diverse in SCDRS. We identified 13 taxa and
recorded average densities as high as 578/,M2 (Table 6). Four of the genera--
Amnicola, Elimia, Gyraulus, and Phy--were common throughout SCDRS. Of the
other taxa-,Va-vata was common in the upper St. Clair River and Ferrisia in
the lower Detroit River, whereas the average densities of all other species
were less than 10/m 2 .

The pelecypods were also diverse in SCDRS, but only fingernail clams were
abundant in our collections (Table 7). A standard Ponar dredge is not large
enough to effectively sample unlonids, whose densities rarely exceed 1/m2 and
whose distribution is often clumped. Pisidium was the more common taxon
(380/M2) within the Sphaeriidae and occurred more frequently at all locations
than Sphaerium (26/m2), which was most common in Lake St. Clair and the upper
Detroit River.

In addition to macrozoobenthos, four species of fish, some fish remains,
and fish eggs were collected with the Ponar grab mainly from the upper St.
Clair River (Appendix C). The fish densities represent 1 specimen per grab
and estimated densities of eggs (rainbow smelt) averaged as high as 46/m2.
Egg densities were substantially lower in 1984 than in 1983, but percent
occurrence remained stable.

Major Taxa and Their Distribution

An analysis of variance was done on 24 taxonomic groups (e.g. Hexagenia,
Oligochaeta) that were chosen to include one to several representative taxa
from the various classes of invertebrates found in SCDRS. The ANOVA table
associated with each group is in Appendix H. The main effect means (year,
month, transect, station) are given in Tables 8-19. Interaction means (e.g.,
transect x year) for two combinations (transect x station, and transect x year
and month) are plotted in Appendix D for each group. These two ccmbinations
were chosen because they contained all four effects, the plots were not too
complex, and they were of geographic and biological interest. Since many of
the interaction terms were significant (Appendix H) the differences in main
effect means in Tables 8-19 must be interpreted in light of plots in Appendix
D. For example, there is a significant difference in Hexagenia between years
(Table 15) but it does not hold consistently over all transects (Figs. 46-47
of Appendix D).

Densities of most taxa were significantly higher in 1983 than in 1984 or
showed no difference between years; were significantly higher in October than
in May and at the off-channel than at the near-channel or channel station; and
were higher in the St. Clair River than elsewhere in SCDRS (Tables 8-19).
These results are summarized in Table 20. Of particular interest are the taxa
with significantly higher populations in 1983 than in 1984. If the low
densities occurred mainly in spring 1984 in the St. Clair River and no recovery
occurred by fall 1984, we might postulate that some long-term damage had been
caused by the ice jam in May 1984. The densities of taxa listed under 1983 in
Table 20, except Manayunkia, were lower in spring in 1984 than in 1983. However,

(i
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Table 6. Density (mean No./ml) and (in parentheses) percent frequency of occurrence of

different taxa of Gastropods in Ponar grab samples from SCDRS in 1983-84.a/

Locality and number of samples
St. clalr River Lake Detroit River

Upper Lower St. Clair upper Lower
Taxon (n - 180) (n - 180) (n - 108) (n - 144) (n - 144)

DAnicola 578 (75) 548 (90) 33 (69) 203 (90) 93 (77)

81thynia 0 (0) 0 (0) T (6) 1 (8) T (2)

Campeloma T (2) 0 (0) T (3) T (2) T (4)

Elimia livescens 271 (69) 125 (77) 7 (47) 171 (79) 65 (71)

Ferrisia 37 (23) 0 (0) 0 (0) 3 (17) 182 (58)

Gyraulus 51 (42) 124 (70) 28 (50) 52 (35) 28 (31)

Helisoma 0 (0) 0 (0) 0 (0) T (2) 0 (0)

Lymaea 7 (31) T (2) 0 (0) 1 (2) 0 (0)

Physa 122 (67) 110 (80) T (3) 25 (38) 40 (54)

Pleurocera acuta 3 (8) T (2) 2 (14) 10 (42) T (4)

Somatogyrus subalobosus 0 (0) T (2) T (3) 0 (0) 0 (0)

Valvata sincera 2 (15) 1 (6) 2 (3) T (2) 1 (6)

Yalvata tricarinata 179 (31) 12 (44) 9 (42) 17 (6) T (6)

a/ T trace (< 0.5/n)
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Table 7. Density (mean No./m 2) and (in parentheses) percent frequency of occurrence of

different taxa of Pelecypoda in Ponar grab samples from SCORS in 1983-84.
a/

Locality and number of samples
St. CLar River Lake Vetroit River

Upper Lower St. Clair Upper Lower
Taxon (n - 180) (n - 180) (n - 108) (n = 144) (n - 144)

Anodonta grandis 0 (0) 0 (0) T (3) 0 (0) 0 (0)

Elliptio dilitatus 0 (0) 0 (0) 0 (0) 1 (8) 0 (0)

Lampsilis sp. 0 (0) T (2) T (3) 1 (6) 0 (0)

Lamlsis radiatasillquolde 0 (0) 0 (0) 1 (8) T (6) T (2)

Lampsilis ventricosa 0 (0) 0 (0) 0 (0) T (4) 0 (0)

Leptodea fragilis 0 (0) 0 (0) T (3) T (2) 0 (0)

Pisidlum sp. 259 (77) 300 (90) 671 (100) 368 (98) 285 (75)

Pleurobema cordatum 0 (0) 0 (0) 0 (0) T (4) 0 (0)

Proptera alata 0 (0) 0 (0) T (3) T (2) 0 (0)

Pt~chobranchus
fasclolaria 0 (0) 0 (0) 0 (0) T (2) 0 (0)

Sphaerium sp. 7 (21) 30 (47) 30 (89) 62 (75) 1 (6)

Truncilla sp. 0 (0) 0 (0) 0 (0) T (2) 0 (0)

Truncilla donaciformis 0 (0) 0 (0) 0 (0) T (2) 0 (0)

Truncilla truncata 0 (0) 0 (0) 0 (0) 1 (4) 0 (0)

Unionidae (Juveniles) T (4) 1 (12) 1 (14) 6 (44) 0 (0)

a/ T- trace (< 0.5/m2).

(I
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Table 20. Stmary of ANOVA results in tables 8-19 of man density on 24 abundant tax& collected in the
SCDRS tn 1983 and 1984. Placement indicates significantly higher (P <0.05) abundance at a particular

time or location. Taxa placement in station and location categories were based on overall ranking
regardless of significance; in the case of location. the cutoff was arbitrary.

YEAR MONTH

19831/ 19841/ Nonsignificant MAY I October1" Nnsgifcn

Ainicola tosc Acarini Acarina _Amnicola Uecetis
hIronomidae Hex& iieni Caenis Chironomidae Casis

Gammarus WVdrd MOMT Harpacticoida Me-!ao yche
M~rpac I da Rri~h Cyrjus Isopoda fL1Iia
Nyalella Usrcd f rid T lha Nematoda Ga-mus

1ooa Nemertinea Oligochaeta WFUU
Mani nkia Oligochaeti Ostracoda W -en a

Nematod Ph sa ruie
Oecetis FP+ eiidae Hael

Turbel lena ps2L he

Turbel laria

STATION LOCATION
Lake

0ff-channel Near-channel Channel St. Clair R. St. Clair Detroit River
(Transects (Transects (Transects

1-10) 11-13) 14-21)

Acaina tpyhe Chemmto 2i che Acarina Hexagnia Acarina
Amnicola ET1IIqen a Amnicola R"irudinei Chu opsyhe
rie-nis- Rega ia WeiiiitF -e aMRrs Nematoda zEliai
MT-i onomida ~ H 4a Wraomidae Oecetis RF~acticoida
Gammarus Woda Elimia 3Splaeridae Hyalella
TyjFauTUS Giirs "-ry~che
R-aipaictcoida Gwj u 1 us Maauka

HxanaH~riUzii-hia Wema
Rrudne yaieula Nemertinfea

Hyalell Hyda Oligochaeta
TosceIsoda Ostracoda

LSiP da Oecetis Turbellaria
Mini unlia 01 gochaeta

M1 goch eta Puny 9S lania
Ostracoda,

Turbel laria

1Significantly greater density.
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this lower density in spring occurred only in the St. Clair River, and was
most obvious in the delta region (transects VII-X). Densities of Nematoda,
Isopoda, Gammarus, Hyalella, Chironomidae, and Oecetis in the affected area
had recovered by fall194to levels equal to or exceeding those in fall 1983,
though densities of Turbellaria, Harpacticoida, and Amnicola were still low in
fall 1984 (Figs. 5, 23, 35, and 68 of Appendix D).

Variability in yearly trends of mean density in relation to month can be
illustrated by Hydra population densities. Numbers in spring were consistently
higher in 1983 th-an in 1984 (Fig. 1 of Appendix D), but the reverse was true
in the fall (Fig. 2 in Appendix 0). This difference also occurred in
Oligochaeta, Chironomidae, Caenis, Acarina, and Sphaeriidae. Variation in
yearly trends by transect and -month are shown in Hexagenia densities in Figs.
46 and 47 of Appendix D. Other taxa were more consistent, although all vary
somewhat over the 21 transects and two sampling periods.

Densities of most taxa were significantly higher in October than in May
(Table 20). The differences in seasonal abundance were fairly consistent over
years and transects, because many of the interaction means associated with
month were nonsignificant (e.g., Hirudinea, Cheumatopsyche in Appendix H).
The exceptions were Hyra, which typically was most counon in October, though
its density was rather hgh in the Detroit River in May 1984 (Fig. 1 of
Appendix D). Densities of Ostracoda were high in the St. Clair River in
October, whereas they are typically highest in May (Fig. 25 of Appendix D).
Similarly, departures from seasonal abundance trends resulting from unusually
high densities in a particular year or area (transect) occurred also in
Hexagenia, Gyraulus, and Elimia.

Densities of most taxa were significantly higher at the off-channel
station that at either the near-channel or channel stations (Table 20).
Densities of Acarina, Hydropsyche, Cheumatopsyche, and Hexenia were not
significantly different between at least two stations (Tables 1", 16, 17);
consequently these taxa were listed at stations where their densities were
highest. In addition, the abundance of several taxa at a particular station
(depth) was not consistent over all transects. The depth distributions of
Hirudinea, Oligochaeta, Chironomidae, Sphaeriidae, and Amnicola differed in
lake and riverine situations, and those of Manavunkia, Acarina, and Elimia
differed between the lower Detroit River and the rest of the system.
Contaminant problems may override depth distribution in this area. These and
other minor differences in distribution among stations probably reflect a
preference for a sediment type.

Most taxa were most abundant in the St. Clair River (Table 20). Listing
a particular taxon in a particular location was somewhat subjective because of
ranking between locations overlapped considerably. For example, densities of
H dra were consistently high in the St. Clair River , whereas those of
Tifrbllaria were equally high in the St. Clair and Detroit rivers (Table 8).
If distribution differences were not clear cut, a particular taxon was listed
in more than one location. Taxa most abundant in the St. Clair River were

(
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mostly insects and snails. The number of taxa whose highest densities were in
Lake St. Clair were few, and were characteristic of lotic situations. The
Detroit River was dominated by lower invertebrate taxa (worms) and
net-spinning caddisflies.

Biomass

Mean biomass ranged from 0.03 to 4.84 g/m2 over the 21 transects (Table
21). Biomass was higher in 1984 than in 1983 along about half the transects;
there were no statistically significant differences between years (Table 22
and Appendix H). Biomass was 25% lower in May, but 60% higher in October, in
1984 than in 1983. This reversal resulted in no statistically significant
differences between May and October (Table 22). Biomass in May was lower in
1984 than in 1983 at most St. Clair River transects, but the opposite was true
in the Detroit River. However, most biomass values for October were higher in
1984 than in 1983, over all transects (Figs. 73-74 in Appendix D). Differences
between stations were significant, and relationships did not vary by month or
year and were fairly consistent over transects (Fig. 75 of Appendix D).
Biomass was highest in the Russell Island area and Belle Isle (Table 21) and
lowest at transect I in Lake Huron.

Clams, crayfish, and fish remains were rarely collected but contributed
considerably to biomass estimates. Because of the great variability they
introduced, they were not included in the ANOVA (Table 22 and Appendix H).
Clams were most common in Lake St. Clair and the Detroit River--particularly
at transect XVI, where biomass estimates were as high as 2.6 g/m2.

Density and Diversity

Average total densities of macrozoobenthos ranged from 976 to 96,684/M2

over the 21 transects in the two years (Table 21). Total densities were
higher along about half the transects, and lower along the other half, in 1984
than in 1983. Densities were not necessarily positively correlated with
biomass calculated at the same stations (Table 21). Densities were highest at
transects XVIII (due mainly to oligochaetes) and VII (which had a diverse
community--an average of 36 taxa per sampling period).

The average number of taxa at each transect ranged from 9 to 38 (Table
21). Diversity was consistently higher in 1983 than in 1984 in the St. Clair
River but did not differ between years in the Detroit River. On the average,
there were four fewer taxa in 1984 than in 1983 in the St. Clair River. The
number of taxa was lowest (9-13) in the sandy substrates of transect I (Lake
Huron) and high (> 30) at II-VIII and at XVII (Belle Isle)- The number of
taxa per sample averaged 22 in the lower Detroit River.

Physical Characteristics of the River

The physical environment varied among transects (see Appendix G for summary).
Current velocities and substrates differed among segments of SCDRS: upper St.
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Table 21. Mean total density, biomass (ash-free dry weight) and average number of

taxa (diversity) of macrozoobenthos collected in SCDRS, May and October,

1983-1984.

Diversity
Density (no./mZ) Bomass (/mL (no. of taxa)

Transect 7983 1984 1983 1984 1983 1984

I 2,504 976 0.24 0.03 13 9

II 24,622 87,430 1.16 2.27 38 37

III 7,837 2,555 0.22 0.12 22 18

IV 15,190 34,659 0.79 1.78 32 32

V 14,361 87,481 1.33 2.47 32 29

VI 34,814 47,042 2.47 2.13 38 32

VII 31,533 90,107 2.82 3.31 36 32

VIII 43,294 23,176 1.56 0.91 34 31

IX 25,470 6,260 1.02 0.21 34 23

X 13,103 10,113 0.55 0.41 26 23

XI 13,956 15,391 1.68 1.08 24 21

XII 8,090 7,474 1.25 1.67 22 22

XIII 7,184 5,514 0.91 1.85 22 22

XIV 9,054 113 0.55 1.75 23 22

XV 11,040 8,020 0.92 1.43 21 23

XVI 20,325 17,802 4.20 4.84 34 32

XVII 22,545 16,313 1.18 0.82 28 30

XVIII 98,684 63,073 1.35 1.37 25 21

XIX 13,661 15,938 0.42 0.89 20 22

XX 11,154 8,983 0.34 0.34 22 25

XXI 11,277 14,608 0.92 0.31 21 22

Mean 20,938 26,811 1.23 1.43 27 25
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Clair River, sometimes >2 ft/s, mostly gravel; lower St. Clair River, never >2 ft/s,
predominantly sand and silt; Lake St. Clair, rarely >0.6 ft/s, cohesive clay
and silt; upper Detroit River and portions of the lower river, usually <1 ft/s,
unconsolidated clay and silt; and other transects in the lower Detroit River
(XX-XXI), with >1 ft/s and mainly gravel and cobble. Sampling depth ranged
from 4 to 25 ft in the rivers, but varied little in Lake St. Clair, averaging
22 ft.

Water temperature varied between locations, seasons, and years during the
study. Contemporaneous differences of up to 70F occurred routinely between
Port Huron and the lower Detroit River. These differences were greatest in
spring and smallest in fall, and averaged about 40F for the year. Temperatures
ranged from 390 to 460F in early May and from 57' to 59°F in October. Daily
temperatures for both years were available from the water plants operated by
the City of Port Huron (in the river adjacent to the city) and Detroit
(Detroit River at Belle Isle). The average monthly temperatures are plotted
in Fig. 5. Both rivers reached maximum temperature in August; temperatures
were consistently lower in 1984 than in 1983--particularly in the St. Clair
River in March, April, and May, where low temperatures were presumably caused
by the large ice jam previously described. Differences between surface and
bottom temperatures were always less than 2°F.

Relationships between Macrozoobenthos and Physical Environment

The relation between depth, velocity, bottom type, and temperature and
the abundance of 24 taxa was limited mainly to significant correlations with
depth and velocity (Table 23). Increasing depth was correlated with increasing
current velocity and coarser or firmer substrates. However, it was difficult
to determine which of these physical factors most influenced the abundance of
macrozoobenthos. The abundance of all of the taxa listed in Table 23 except
Hdro syche and Cheumatopsyche were negatively correlated (P < 0.05) with
depth and velocity. Most of the taxa listed in Table 23 were-significantly
denser at the off-channel stations than at others (Table 20). Turbellaria,
Hirudinea, Oligochaeta, Gammarus, Hyalella, Chironomidae, Caenis, Physa,
Gyraulus, and Amnicola were consistently most abundant in sMhow areas with
TlEte current.The depth distribution of certain other taxa may have been
unique, but the relation was not linear.

Although water velocity was related to bottom type, a linear relation
with sediment type was significant for only one taxon--densities of
Hydroesyche were highest in coarse sediments. Other significant positive
relations were shown by Hydropsyche and Cheumatopsyche (with water velocity)
and Physa (with temperature). Few correlations with temperature would be
expecteT-because temperature differences both vertically and cross channel
were small, and the sampling periods were widely separated.

AQUATIC MACROPHYTES

Distribution of Submersed Plants

We collected 20 taxa of submersed macrophytes with the Ponar grab in the
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Figure 5. Mean monthly water temperatures (OF) measured in
the St. Clair and Detroit rivers at the city of
Port Huron water intake (1.5 miles below the Blue
Water Bridge) and at the city of Detroit water
intake (Belle Isle) in 1983 and 1984.
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Table 23. Significant correlation coefficients (P ' 0.05, n - 766) for macrozoobenthos

density (by taxon) and: water depth, velocity, temperature, and bottom type.

Taxon Depth Velocity Temperature Bottom type

Turbellaria -0.253 -0.308 - -

Hirudin -0.255 -0.259 - -

Oli chaeta -0.222 -0.329 - -

AaMuarus - -0.243 - -

/ Hyalella - -0.180

Chironomidae -0.301 -0.349

Caenis -0.261 -0.305 -

Hexagenia - -0.286 -

Cheumatopsyche +0.248

Hydropsyche +0.243 +0.164

Physa -0.263 -0.265 +0.224

Gyraulus -0.255 -0.230

Amnicola -0.311 -0.269
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St. Clair and Detroit rivers in 1983 and 1984 (Table 24). The St. Clair River
yielded 18 submersed taxa plus 1 emergent species, Sagittaria sp., that was
found in the submersed stage; and the Detroit River collections contained 19
taxa Including 2 emergent species that were found in their submersed forms.
The most common submersed plants in decreasing order of frequency of occurrence,
were Chara spp., otamogeton spp., Vallisneria americana, Potamogeton gramineus,
P. rlcha-rd-sonii, Myriophyllum spicatum, and Elodea canadeni ther taxa
occurred in less than 13% of the samples. The most common taxa collected were
Chara in the St. Clair River and V. americana in the Detroit River. The

eiF-iiency of occurrence of Potamogeton spp. was similar in both rivers; P.
rlchardsonil, E. canadensts, and !. gramneus were more common in the St. Clair
River and M. stcatum was more comon in the Detroit River. Butomus umbellatus
and Ranunc~lus longrostris were collected only in the Detroit River and
Zannichellia palustris only in the St. Clair River. Variation in frequency of
occurrence of vidual taxa between years was 7% or less in both rivers.

The number of plant taxa generally increased from spring to late summer
as Nalas flexilis, Nitellopsis obtusa, and P. zosteriformis appeared in
July-ugu sTT es-2"-27J/)Une taxon, P. crtspus, declined in occurrence as
the season progressed. Total number of Taxa at each location varied from 7 to
14, the largest number occurring in September. The plant collections were
only slightly more diverse at Stag Island and Belle Isle (mean of 11 taxa)
than at Point Hennepin, where the diversity was lowest (mean of 8 taxa).
Percent occurrence of individual taxa during each sampling period varied less
than 10% between years, at each location. Only 11 of 228 comparisons (by
year, month, and island) showed changes in occurrence of taxa that exceeded
20%. Changes were about equally divided between the St. Clair and Detroit
rivers and occurred most frequently in July. Incidence of variation (> 10%)
in percent occurrence between years, was highest in Potamogeton spp., P.
richardsonii, E. canadensis, and Vallisneria americana.

The diversity of taxa and distribution of plants were unique at each
location. At Stag Island, plants were lacking in blocks 1-4 and sparse in
block 5 (Figs. 1-3 and 19-21 of Appendix 0). Plants also appeared to be
absent in parts of blocks 6-9 and 13, and in shallow areas in blocks 8, 10,
and 11. Most plants were located in and near an area with depths up to 20 ft
that was centered on grid intersect 17 and along the shipping channel. Chara
spp., Potamogeton spp., and P. richardsonii occurred in relatively high -
concentrations--> 10 g/m2 in-June, > 20 in July, and > 40 in September--in all
blocks below the upstream tip of the island. Chara spp. occurred most often
in pure stands, particularly in shallow areas adjacent to Stag Island.
Potamogeton rlchardsonii, Elodea canadensis and P. crispus were the dominant
plants composing the dark 6--around deep water-In grids 6-9 and 11-12 (e.g.,
see Fig. 2 of Appendix 0). M riophllum spicatum and Naj3s flexilis dominated
the deeper water in both these areas. Potamoeton gra'mius was the dominant
taxon in the deeper areas near the shipptng channel-.7otamogeton spp. was
interspersed throughout the communities and was the dominant taxon in the
lighter areas near the shipping channel. Diversity was greatest in areas
where light and dark patches converged. Six to eight taxa were often found in
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Table 24. Percent frequency of occurrence and mean dry weight biomass (9/ml) of submersed

macrophyte tax& collected with a Ponar grab in SCDRS in 1983 and 1984. Mean

biomass is based only on samples in which the taxa occurred.

St. Clair River Detroit River
Occurrence Ran DiomsS Occurrence Mean biomss

Taxa 198 7184 1983 93 1984 1 3 18

8utoms umbellatus a/ 0 0 0 0 0 2 0 27.3

Chara spp. 70 65 85.8 119.8 11 15 30.4 60.8

Elodeecaden 28 22 44.6 25.5 7 7 78.4 137.0

Heteranthera Th/
dubTa 0 1.5 0 7 7 58.4 173.9

MNri phy lm
exaluscens T T 6.0 2.6 0 *T 0 3.3

Myriohvl1m
spicatum 8 7 34.1 41.7 24 17 93.9 104.6

T4 ex1lis 3 6 3.3 2.6 3 7 2.3 15.5

Nitella
ijj' 3 10 26.1 35.0 9 11 58.6 28.8

NitellopstsoFtusa 1 1 34.0 11.5 9 10 81.7 48.9

Potamogeton
crlspus 3 3 29.9 17.7 10 13 83.5 69.6

Potamogeton
pramneus 46 41 42.8 64.2 4 5 26.1 39.5

Potamogeton spp. C/ 54 53 50.1 33.6 31 28 23.6 17.2

Pot!no eon

ntan_.s 1 0 72.2 0 0 0 0 0

Potamogeton

noosus 1 0 5.0 0 0 1 0 124.7

Potamageton
ricaERidsoni i 32 31 50.6 84.1 21 22 73.0 69.6

Potamogeton

zoster f7ornis 2 3 7.3 20.6 2 8 3.0 3.9

Ranuncul us
l ongTrostris 0 0 0 0 1 0 102.4 0

Sagittaria sp. a/ T T 16.2 1.0 0 2 0 4.7

Vallisneria
americana 2 5 12.7 6.5 70 67 49.0 41.1

Zanniche11 ia
palustris 0 1 0 1.4 0 0 0 0

a/ Emergent species collected only in the submersed stage.

b T - < %
c/ Narrow-leaf form.



48

Table 25. Mean dry weight biomass (g/m') and (in parentheses) percent frequency of

occurrence of submersed macrophytes found at six locations in SCDRS in June

1983 and 1984. Mean biomass is based only on samples in which the taxon

occurred.

Stag Fawn Russell Belle Pt. Stony
Taxon Year Island Island Island Isle Hennepin Island

Chara spp. 1983 24 (67) 28 (82) 51 (85) 45 (38 27 (20) 4 (3)

1984 63 (70) 102 (71) 40 (80) 32 (31 18 (10) 0

Elodea
canadensis 1983 49 (33) 6 (4) 58 (22) 1 (5) 0 50 (19)

1984 18 (50) 0 8 (22) 0 1 (2) 157 (33)

Heteranthera
duba 1983 0 0 0 0 0 15 (17)

1984 0 0 0 0 0 6 (7)

Myriophllum
spcatum 1983 20 (16) 0 81 (2) 34 (10) 124 (6) 12 (19)

1984 40 (17) 0 0 24 (18) 0 4 (10)

Nitella
-*LM' a 1983 22 (5) 20 (6) 78 (2) 37 (49) 42 (19) 0

1984 64 (17) 5 (2) 2 8) 30 (46) 29 (33) 3 (3)

Potamogeton

cr*spus 1983 40 (10) 1 (2) 0 8 (13) 84 (7) 143 (47)
1984 18 (8) 4 (4) 0 4 (9) 0 150 (42)

Potamogeton

gramineus 1983 14 (22) 19 (46) 14 (33) 22 (15) 0 30 (6)
1984 10 (22) 7 (47) 5 (33) 2 (12) 0 0

Potamogetona/
spp. 1983 32 (50) 32 (27) 46 (62) 5 (56) 28 (87) 4 (47)

1984 19 (57) 4 (40) 14 (53) 2 (50) 20 (65) 2 (30)

Potamoseton

richardsoni1 1983 14 (12) 32 (20) 32 (17) 11 (23) 2 (2) 44 (11)
1984 8 (17) 10 (20) 17 (33) 8 (23) 21 (26) 0

Va11isneria
americana 1983 0 0 0 4 (77) 4 (50) 9 (39)

1984 0 1 (2) 0 2 (62) 4 (54) 8 (47)

a/ Narrow-leaf forms.

)
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Table 26. Mean dry weight biomuss (9/62) and (in parentheses) percent frequency of

occurrence of submersed mcrophytes found at six locations in SCORS in
July-August 1983 and 1964. Mean biomass is based only on samples in which
the taxon occurred.

Stag Fawn Russell Belle Point StonyTaxon Year Island Island Island Isle Hennepin Island

Chara spp. 1983 100 (62) 103 (71) 110 (78) 48 (10) 13 (5) 01984 132 (57) 136 (81) 121 (36) 107 16 (5) 0
oe1963 25(42) 7(16) 59 (3) 1(3) 0 169 (24)cmadensis 1984 57 (45) 0 13 12 0 0 171 (21)

.Heteranther
1i1ai 1983 0 0 2 (3) 0 0 51 (24)

1984 0 0 0 0 0 124 (21)

1983 20 20) 5(2) 1(3) 80(36) 161(12) 92(48)1984 41 20) 0 1 (3) 66(19) 0 8233)

Aloiiis 1983 0 0 0 2 (10) 1 (2) 0194 0 1 (19) 1 (6) 3 (31) 1 (2) 0
NitellaTyale 1963 35(J3) 0 0 4 (3) 0 01984 111 13) 23 (17) 6 (14) 0 5 (10) 0Nitellopsis

tusa 1983 0 0 0 71 i l 1 (2) 0

1964 0 0 0 36 3) 0 0
Poamton

m 1983 33 (15) 6 (4) 0 12 0o) 0 3 J97
1984 26 (8) 0 0 9 17) 0 40 27)

Pot!Moton
Irej! 1983 36 (37) 31 (49) 24 (56) 0 0 32 (3)1984 13 (7) 34 (62) 101 (50) 60 (10) 72 (7) 75 3

Potamogetona/
spp. 198 39(J48) 35 (64) 36(j58) 5 (5) 37 (42) 20 (18)1984 41 43) 30(45 29 67 5 (14) 29 (49) 40 (24)

tageton
riTliairdSonii 1963 31 (32) 53 (62) 36 (36) 72 (38) 86 (48) 49 (12)1984 56 (42) 53 (21) 212 (42) 98 (45) 127 (35) 142 (15)

zostorlfoi ms 1963 9 (7) 5 (9) 0 4 (13) 0 1 (3)1964 0 41 (12) 0 4 (33) 0 0

Vallisneria
aF~i 1983 1 (2) 1 4) 0 25 (72) 50(J70) 37 (67)-1964 (3) 1(2) 3 (3) 20 (75) 42(66) 63 (55)

a/ Narrow-leaf forms.

... "( malqiq iemmm mmmmmmgliI a arm-mu m m m m u
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Table 27. Mean dry weight btmass (g/0*) 6nd (in parentheses) percent frequency Of
occurrence of submersed macrophytes found at six locations tn SCORS Itn

September 1983 and 1984. Mean biomass is based only on samples in which the

taxon occurred.
5taqg ' a"wn"- Russi .. Bell e Pt. " tony

Taxon Year Island Island Island Isle Hennepin Island

____ pp 1963 203 147) 116 (69) 94 (69) 15 (12? 1 (9) 0
1984 95 48) 190 (76) 204 (64) 73 38 10 (14) 0

Elodea
canaensis 1983 26 (37) 75 (36) 54 (25) 1 I 2 (2) 1 (9)

1984 27 (38) 2 (7) 7 (19) 2 2 0 2 (6)

,feteranthera
dubfa 1983 0 0 0 0 5 (7) 129 (18)

1984 0 0 0 0 0 231 (39)

411ioehllum
p 1983 69 (23) 2 (2) 1 (6) 72 (34) 12S (7) 145 (45)

1984 53 (23) 0 8 (3) 91 (26) 101 (11) 225 (36)

fle s 1983 4 (7) 4 (14) 1 (6) 3 (14) 1 (2) 0
1984 0 5 (24) 1 (6) 33 (24) 15 (9) 0

Nitella
F193 2 (7) 23 (2) 6 (3) 167 (14) 0 0

1984 3 (10) 3 (7) 0 95(5) 1 (2) 0

, Nitallolpsis

Musa 1983 4 (7) 0 69 (6) 104 (31) 0 0
1984 0 12 (5) 0 59(48) 0 0

Potamgeton
____ 1983 0 0 0 5 (2) 0 6 (3)

1984 11 (5) 0 0 2 (2) 0 23 (18)

ramitlus 1983 47 (38) 88 (64) 65 (69) 28 (10) 0 0
1984 76 (23) 47 (69) 171 (64) 38 (10) 1 (2) 0

Pot ~-ton&
/

spp. 1983 95 (65) 30 (48) 81 (64) 8 (5) 107 (16) 1 (3)
1984 53 (48) 12 (45) 74(81) 14 (12) 3 (2) 34 (6)

Potuoqorithardsonii 1983 96 (38) 51 (55) 78 (14) 98 (43) 114 (12) 0

1984 42 (43) 69 (33) 234 (25) 30 (33) 50 (21) 0

pot!Mo~tonzoterfo ms 1983 15 (2) 1 (2) 0 0 a a

1984 14 (8) 1 (2) 1 (3) 7 (2) 0 0

Vallisnerla
americana 1983 37 (5) 0 8 (11) 56 (95) 78 (84) 135 (76)

1964 6 (7) 1 (17) 2 11) 30 (83) 84 (98) 90 (61)

Narrow-leaf forms.
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these areas (Table 1 of Appendix K). The number of taxa per Ponar grab
averaged about 2.6 at Stag Island (Table 28) and tended to increase over the
season.

At Fawn Island, submersed macrophytes were present in all blocks (Figs.
4-6 and 22-24 of Appendix 0). Chara spp. occurred in relatively pure stands
over most of the lightly stippled-ar--ea in the figures. Potamoeton richardsonii,
P. gramineus and Potamogeton spp. made up the narrow dark U-shaped band (e.g.,
tig.36of Appendix ) aaacent to the divided shipping channels and the small

patches within the Chara spp. stand. Frequency of occurrence and biomass of
Potamogeton spp. wereigher on the eastern wing of the wedge and those of P.
richardsonti on the west side; P. gramtneus was about equally abundant in bath
wings. Potamogeton spp. and P.-gramineus dominated at the tip of the wedge.
The only other common taxon, E. canadens s, occurred in deep water adjacent to
the main shipping channel, in-blocks 3, 5, and 6. A maximum of seven taxa
(average four to five) were collected in each block (Table 2 of Appendix K).
The number of taxa per Ponar grab averaged 2.6 and increased progressively
over the growing season in both years (Table 28).

At Russell Island, the biomass of Chara spp., Potamogeton spp., and P.
9ramieus was relatively high in all ni-nW-ocks of the sampling grid (Figs.
7 a- 5-27 of Appendix 0). Concentrations of Chara spp. were highest in
the lightly stippled areas of blocks 2 and 6-9 ang-Ti-pure stands in blocks 6
and 7. The dark areas in blocks 1, 2, and 6 and the strip in blocks 7-9
adjacent to shore represented P. gramineus. The dark strip in blocks 7-9 also
contained high concentrations of otamogeton spp. and P. gramineus, and the
dark areas in blocks 4, and 5 were P. richardsonii. ETodea was common in
deeper water adjacent to the shippiig channel in bloc1fsind 4. Vallisneria
americana was restricted to block 4 and P. nodosus and P. natans to blocks 1,
3, , and 7. Taxa were distributed evenTy over most of-the grid, averaging
three to five (maximum, 9) per block (Table 3 of Appendix K). Diversity was
greatest at grid intersection 10 and in blocks 3 and 4. The number of taxa
per grab averaged 2.6 and increased through the season (Table 28).

At Belle Isle most of the plants were close to shore in blocks 8-10 in an
extensive littoral area (Figs. 10-12 and 28-30 of Appendix 0). Few plants
were found in blocks 1-7 in relatively deep water (> 12 ft). Vallisneria
americana was relatively abundant in all blocks; however, its low growth
profile and the reduced water clarity in the Detroit River may have decreased
its visibility on the aerial photos. The large dark band in block 1 and the
smaller bands in blocks 1-6 were mainly P. richardsonii, mixed with P.
zosteriformis and Potamogeton spp. The Uark areas in blocks 7-10 weFe mostly
small beds of MyriophFyllm spicatum, P. richardson;i, and P. gramineus. Blocks
7-10 also included extensive beds of Chara spp., a as flexilTs, an Nitellupsis
obtusa which may not have been visibl5e-Fause of ter low growth profile.
a as flexilis and P. zosteriformis occurred in all but two blocks but never
at gh biomass levels. The macrophyte fauna was more diverse off Belle Isle
than at any other location. Eleven taxa were found at grid intersection 18
(Table 4) of Appendix K). Diversity was greatest in blocks 7-10 and averaged

(
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Table 28. Mean number of submersed macrophyte taxa per Ponar grab at six locations in

SCDRS in 1983 and 1984.

Grand
June Ju y-August September mean

Location 1983319i4 1983 1984

Stag Island 2.2 2.8 2.8 2.4 2.8 2.8 2.6

Fawn Island 1.9 1.9 2.9 2.7 3.2 2.9 2.6

Russell Island 2.2 2.4 2.7 2.6 3.0 2.8 2.6

Belle Isle 3.1 2.8 2.8 3.3" 2.8 3.1 3.0

Pt. Hennepin 2.1 2.6 1.8 1.8 1.4 1.7 1.9

Stony Island 2.3 2.2 2.1 2.1 1.6 1.8 2.0

i)
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four to nine taxa over the sampling grid. The average number of species per
grab was three and the seasonal range was 2.8-3.3 (Table 28).

On the shoals adjacent to Pt. Hennepin, Potamogeton spp. and V. americana
were the dominant taxa. Narrow-leaf forms of Potamogeton spp. were found at
relatively high biomass in every block except 7 and 14 in June, but had almost
disappeared by September. Valllsnerla americana was present in every block
over all sampling dates and by September had replaced Potamogeton spp. as the
most abundant taxon. Interpretation of plant distribution (Figs. 13-15 and
31-33 of Appendix 0) is difficult, because many plants did not occur at densities
great enough to be visible on aerial photos; the stippled areas generally
represent the distribution of Potamogeton spp. in June and of V. americana in
July-August and September. Ho r, the dark bands adjacent t the channel in
blocks 1, 2, 5, and 11-14 were mainly P. richardsonii. The dark bands in
block 8 were composed mainly of M. spi~atum, P. crtspus and P. richardsonii.
Chara spp. and Na as flexills were inpatches-down the iddli of the island,
Tina strip boundeddby the corner of grid intersections 10, 11, 33, and 34, and
are not visible in our photographs. Diversity was highest along the Fighting
Island Channel, where dark and light bands adjoined. The number of species at
the grid intersections ranged from two to seven (Table 5 of Appendix K). The
average of 1.9 taxa per grab (the lowest for the six locations sampled) declined
consistently over the season (Table 28).

The distribution of taxa at Stony Island can be grouped into three areas--the
head of the island (blocks 1-5), an inlet area (blocks 6-8), and an intermediate
area (blocks 9-11). The darker areas in blocks 2, 3, and 4 indicate the presence
of P. richardsonii and M. spicatum (Figs. 16-18 and 34-36 of Appendix 0).
Potamogeton spp. and V. americana made up the lighter areas in blocks 1-5. Inside
thbay the dark areas presented beds of Elodea canadensis, Heteranthra dubia,
P. crispus, Ranunculus longirostris, and !roTylum spicatum, in pure or --i-xed
stands. lotamo eton crispus was prevalent only In June and was replaced by H.
dubia by September. The Tong strip of plants in blocks 9-11 is composed of f.
uU'Ta and M. spicatum. The lighter areas in blocks 9-11 show beds of V.
amer-icana.- Taxa per grid ranged from zero to five with a maximum of 7-at grid
intersection 5 (Table 6 of Appendix K). Taxa per grab averaged 2.0 and
declined through the season (Table 28).

Distribution of Emergent Plants

Emergent macrophytes were present in only two of the sampling grids at
the six locations. We collected 11 taxa at Fawn Island and Stony Island
(Table 29). A small bed of Scirpus acutus was at the tip of Fawn Island in
block 7 and extensive beds were in blTcks'8, 10, ard 11 off Stony Island.
eha latifolia and Sparganium eurycarpum usually occurred in pure stands,

whereas the species 'of Eeoharis, Phalaris, Sagittaria, and Scirpus were
usually found together in mixed stands.Because of the great size and
diversity of the emergent beds at Stony Island and limited sampling effort,
our coverage of the beds was not representative. The beds appeared to be
stable and the percent occurrence between years for the most part reflected
this stability (Table 29).
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Table 29. Percent frequency of occurrence and mean dry weight biomass (g/m2 ) of emergent

macrophytes collected at Stony Island, in the Detroit River, in 1983 and 1984.

Occurrence Biomass
Taxon 1983 1984 1983 1984

(n=33) (n-39)

Eleocharis spp.a/ 6 15 37.2 18.4

Phalaris arundinacea 3 5 29.6 42.7

Sagittaria latifolia 12 15 13.4 35.5

Sagittaria ritida 0 26 0 198.0

Scirpus acutus 3 5 2.8 9.6

Scirpus americanus 18 23 178.7 299.4

Scirpus fluvlatilis 9 3 965.8 8.2

Scirpus validus 9 23 28.0 44.9

Sparganium eurycarpum 36 33 196.2 357.5

Typha angustifolia 36 26 903.5 865.3

Two closely related species, E. smallit and E. erythropoda.
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Abundance of Submersed Plants

Yearly variation in abundance of taxa of submersed macrophytes by river
is shown in Table 24. The biomass of Chara spp., P. ramineus, and M.
spicatum increased from 1983 to 1984 inoTEth rivers. Potamoeton crTspus and
Ptoton spp were less abundant in both rivers in 1984 than 1n 1983,
whereas N. flexilis and P. richardsonii were more abundant in the St. Clair
River but less abundant Tn the Detroit River in 1984 than in 1983.

Differences in biomass of dominant taxa between years and sampling
periods at each sampling location are shown in Tables 25-27. In the St. Clair
River in June, most taxa were less abundant in 1984 than in 1983. However, a
paired comparison of all taxa showed only the differences at Russell Island to
be significant. Biomass of dominant taxa declined similarly in the Detroit
River, but was significant only at Belle Isle. In July, the trend of decline
in taxa from 1983 to 1984 did not occur; rather the biomass of most taxa was
higher in 1984 than in 1983. At Stony Island the increase in biomass in July
from 1983 to 1984 was significant. In September, the change in biomass for
most taxa was similar between years. Over all, two taxa--Chara spp. and N.
flexilis--increased rather consistently from 1983 to 1984,-whereas one taxon,
Potamogeton spp., declined over the same time period. The biomass of E.
canadensis at Russell Island and V. americana at Belle Isle was consistently
lower in 1984 than in 1983.

An analysis of dry weight biomass of all taxa combined, by year, month,
and blocks over sampling location, showed several significant differences
(Table 30). However, these differences must be interpreted cautiously because
most of the combinations (interactions) between year, month, and block were
also significant (Appendix P). At Stag Island, biomass values were significantly
higher in 1983 than in 1984 (Table 30), but this was not consistent over all
months (Fig. 6) or blocks (Fig. 7). Biomass increased significantly from June
to July-August to September in 1983 (Table 30), but this trend was not obvious
in 1984 (Fig. 6). Biomass was higher in all blocks in September 1983, but was
higher in blocks 10-13 in June and July-August 1984. A partial reason for the
biomass being higher early in the year in 1984 was the occurrence of several
unusually heavy samples of Chara spp. and N. flexilis in our collections in
blocks 12 and 13. Collectively, biomass was highest in blocks 6-8, 12, and
13.

At Fawn Island, biomass differences between years were negligible (Table
30). In both 1983 and 1984, biomass increased steadily through the season
(Fig. 6). Biomass in blocks 5, 6, and 11 was higher in 1984 than in 1983
(Fig. 8) in most months. The decline from 1983 to 1984 was greatest in blocks
1-3 at the head of the island and the increase was greatest in blocks 5-6,
near the center of the grid. As at Stag Island, the high biomass of Chara
spp. and N. flexilis at Fawn Island in June and July-August kept the T9 "
biomass leveTs near those of 1983.

Macrophyte biomass at Russell Island was significantly higher in 1984
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Figure 6. Mean seasonal biomss (square root of dry weight in g/m +

0.5) of' submersed macrophytes at six locations in the SCOR5.
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Figure 7. Mean biomass (square root of dry weight in g/m2 + 0.5)
of submersed macrophytes in blocks composing the
sampling grid at Stag Island. (See Appendix I, Fig. 1
for block locations.)
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Figure 8. Mean biomass (square root of dry weight in g/m2 + 0.5)
of submersed macrophytes in blocks composing the
sampling grid at Fawn Island. (See Fig. 2 of Appendix
I for block locations.)
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than in 1983 (Table 30). Although biomass was higher in 1983 than in 1984
during one month and several blocks (Figs. 6 and 9), the differences were not
stdtistically significant. Biomass at this location tended to increase
through the growing season. Biomass was highest in blocks 3 and 7-9, which
were nearest the shore (Table 30). Large increases in the biomass of Chara
spp., P. gramineus, and P. richardsonii accounted for the larger biomass in
1984.

At Belle Isle, yearly differences in dry weight biomass were negligible
(Table 30), except for the high density in July-August 1984 (Fig. 6); the
seasonal differences between July-August and September were not significant
(Table 30). The high July-August biomass resulted mainly from high densities
of Chara spp. and P. richardsonii in blocks 1, 7, and 8. Yearly differences
betw-een correspondTng grids were small and trends were about the same (Fig.
10). Biomass was highest in blocks 7-10 in the downstream, shallow, protected
area (Table 30).

At Point Hennepin, as at Belle Isle, differences in abundance between
years and between September and July-August were not significant (Table 30).
Monthly trends in biomass were similar between years (Fig. 6). Although
differences between years were large in several blocks, no consistent trends
were evident (Fig. 11). Biomass was highest in blocks 6 and 8, in the center
of the sampling area on the side of the main shipping channel (Table 30).

For all three sampling periods, the standing crop biomass of submersed
macrophytes at Stony Island was significantly higher in 1984 than in 1983
(Table 30, Fig. 6). Biomass also differed between years in all blocks except
3 and 4 (Fig. 12). Trends among blocks between years were consistent; biomass
was highest in blocks 6, 7, and 8 in inlet areas. At Stony Island, unlike the
other Detroit River locations, biomass increased significantly from June
through September.

Abundance of Emergent Plants

We did not statistically compare yearly estimates of biomass of emergent
macrophytes at Stony Island (Table 29) because sample size was too small (12
or fewer samples per taxon per year). The dry weight biomass of Scirpus
fluviatilus and Typha latifolia was largest and that of Scirpus acutus smallest.
Maximum dry weight-iTomasses for individual samples of a excee 2000
g/m2. All taxa were present during each sampling period7Thd abundance of
most taxa usually peaked in July-August. Differences in taxon biomass between
years at Stony Island were mainly small. The few large differences were due
to the large area and diversity of taxa in relation to sampling effort. The
biomass estimates for the small emergent bed at Fawn Island can be evaluated
by month and year. No samples of S. acutus were collected in June of either
year because the plant bed had not-yett-5ror~en the water surface. The biomass
of this bed averaged 171 g/m2 in July-August and 306 in September in both 1983
and 1984. However, the biomass in 1984 was 70% lower in July-August and 21%
lower in September than in the same months in 1983.
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Figure 9. Mean biomass (square root of dry weight in g/m2 + 0.5)
of submersed macrophytes in blocks composing the
sampling grid at Russell Island. (See Fig. 3 of
Appendix I for block locations.)
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Figure 10. Mean biomass (square root of dry weight in g/m + 0.5)
of submersed macrophytes in blocks composing the
sampling grid at Belle Isle. (See Fig. 4 of Appendix
I for block locations.)
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Figure 11. Mean biomass (square root of dry weight in g/m2 + 0.5)
of submersed macrophytes in blocks composing the
sampling grid at Point Hennepin. (See Fig. 5 of
Appendix I for block locations.)
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Figure 12. Mean biomass (square root of dry weight in g/m
2 + 0.5)

of submersed macrophytes in blocks composing the grid
at Stony Island. (See Fig. 6 of Appendix I for block
locations.)
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Areal Extent of Submersed Macrophyte Beds

The amount of area covered by plant beds at each location was estimated
by overlaying the sampling grid (e.g., Fig. I of Appendix P) on each
photograph with a grid that divided each 500-ft-square block into 100 equal
sections. Each one-hundredth section was scored if half the section was
covering plants, and scores were summed over each block and expressed as a
percentage. Two independent estimates were obtained of the percent coverage
of submersed macrophytes, by block. These estimates are given for each
sampling location, month, and year in Tables 31 and 32.

At Stag Island, submersed plant beds in 1983 and 1984 covered an average
of 23% of the sampling grid area in September (Table 31). Coverage increased
about 7 percentage points from June to September and differences between years
were small. The percent coverage by submersed macrophytes was largest in
blocks 7-9 and 12.

Plant beds off Fawn Island were not clearly visible in June 1983 and were
even lees visible in 1984 (Appendix N). Biomass estimates for June 1984
indicated that the abundance of most taxa was reduced--except for Chara spp.
(Table 25). By July-August and September, differences between years--in
percent coverage were negligible. Coverage peaked at 68% in September. This
represents a difference of only 2-4 percentage points from July-August to
September. Bed development was most extensive in blocks 4, 6, 7, 9, and 11.

Plant bed coverage in June at Russell Island differed greatly between
1983 and 1984 (Table 31). By July-August and September, however, the coverage
,tween the two years differed only by 5-6 percentage points. Seasonal
ferences, once the beds developed, were about 2-3 percentage points. Bed

cu.drage over the sampling area averaged 66%. Coverage of submersed
.^ophytes was most extensive in blocks 4, 5, and 7-9.

Plant bed coverage at Belle Isle in June and July-August was also
substantially less in 1984 than in 1983, but differences in September were
negligible (Table 32). Differences in coverage between sampling periods did
not exceed 5 percentage points in 1983. The coverage was greatest (26%) in
September and was generally highest in blocks 7-9.

Plant bed cover at Point Hennepin and Stony Island differed markedly from
that at other locations. Coverage was greater and seasonal differences were
larger in 1984. Bed coverage at Point Hennepin averaged 57% in September and
was 8-9 percentage points lower in June (Table 32). Plant coverage was
greatest in blocks 3, 6, and 9.

Seasonal differences at Stony Island were 41 to 51 percentage points
(Table 32). Maximum bed development was in September and averaged 78%;
coverage was greatest in blocks 8, 10, and 11. The difference in seasonal
development occurred mainly in blocks 1-5 at the upstream end of the island.
Water depth of 10-12 ft and low water clarity (mean transmittance was 14% in
this area) prevented observation of macrophyte beds until September, when they
reached the water surface.
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Table 31. Percent coverage of submrm macrophyte beds in the sampling grid at Stag,

Few , and Russell islands in June, July-August, and September, 1983 and 1984.

Block June July-Auust Septe t
nuber 1UJ 1P 11 194 Wi3 Iw

Stag Island

1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 5 0 3 0 1 1
6 1 3 18 8 20 16
7 31 38 55 42 so 39
a 38 38 34 55 70 52
9 38 4 35 33 39 41

10 20 10 20 11 36 30
11 12 25 39 28. 31 20
12 60 61 50 59 58 66
13 9 10 14 26 20 38
14 9 12 9 14 15 6
15 10 15 24 27 22 16

mean 16 17 20 20 24 22

Fawn Island

1 6 0 6 6 9 7
2 39 0 73 72 72 69
3 16 0 U 55 45 41
4 5 0 100 100 100 100
5 6 0 10 9 16 "14
6 6 0 98 92 98 99
7 6 9 100 100 100 100
8 0 0 58 69 75 86
9 0 0 100 100 100 100
10 0 0 11 25 25 34
11 1 0 98 100 100 100

Mean 7 1 63 66 67 68

Russell Island

1 42 0 so 28 52 30
2 41 16 43 14 42 28
3 4 0 7 9 14 11
4 66 12 85 72 92 78
5 53 25 100 100 100 100
6 16 0 22 36 26 33
7 12 32 88 86 93 88
8 100 10 100 100 100 100
9 100 41 100 100 100 100

Mean 48 25 66 61 69 63
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Table 32. Percent coverage of submersed macrophyte beds in the sampling grid at Belle

Isle, Point Hennepin, and Stony islands in June, July-August, and September,

1983 and 1984.

Block June July September
number Di3 2984 1983 1984 2983

Belle Isle

1 14 9 16 14 23 11
2 2 1 4 6 1 10
3 15 6 7 9 1 8
4 2 4 2 3 2 3
5 22 4 22 3 20 20
6 6 4 5 6 3 4
7 50 12 63 20 75 34
8 48 12 63 47 69 72
9 38 17 38 36 53 59

10 23 6 17 19 27 30

Mean 22 8 24 16 27 25

Point Hennepin

1 58 70 61 81 64 90
2 50 30 48 55 42 92
3 95 100 86 94 79 89
4 9 25 12 21 17 16
5 39 61 51 70 73 82
6 100 100 95 95 92 88
7 11 31 16 26 19 25
8 74 39 67 59 64 78
9 88 41 93 68 100 100

10 1 25 5 24 6 19
11 50 75 59 62 69 53
12 42 77 51 83 59 95
13 0 22 17 15 28 0
14 1 45 19 38 23 39

Mean 44 53 49 56 52 62

Stony Island

1 0 0 0 0 42 17
2 0 9 22 26 100 95
3 0 0 90 73 81 84
4 0 6 31 47 36 81
5 0 11 1 28 84 100
6 45 39 45 78 81 86
7 38 42 39 73 92 99
8 100 100 100 100 100 100
9 33 20 23 58 23 63
10 55 63 41 94 94 96
11 81 72 70 64 72 100

Mean 32 33 42 58 73 84
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Relationship between Macrophytes and Physical Environment

Water depth, light transmission, and current velocity measurements were
taken with each group of three Ponar samples and at each grid line intersection
(Tables 1-6 of Appendix K). Water depth at grapnel stations sometimes exceeded
30 ft. Many stations were located in or adjacent to the shipping channel,
where a difference in horizontal distance of 25 to 50 ft was accompanied by a
change in water depth of up to 18 ft. Light transmission varied from 0 to
98%. Transmission was high in shallow water in beds of Chara spp., and low in
deep water or in thick beds of submersed macrophytes. Currents ranged from a
maximum of 4.0 ft/s at the head of Stag Island to zero in shallow, protected
areas at Belle Isle and Stony Island.

The average depths at which Ponar samples of submersed plants were
collected varied little between the sampling locations,-ranging only from 8 ft
at Stag Island to 6 ft at Point Hennepin and Stony Island (Table 33). Light
transmission and current velocity varied more widely. Average light
transmission was 72% lower at Stony Island than at Stag Island, and values
were typically about 2-3 times higher in the St. Clair River than in the
Detroit River. Similarly, current velocities in the St. Clair River were
about twice those in the Detroit River. In general, bottom current velocities
were about 55% of those at the surface.

In the St. Clair River, light transmission and current velocity decreased
markedly from June to September in beds of submersed plants but declined less
sharply or not at all in adjacent areas without plants (Table 34). Average
reduction in light transmission values was 25-60% in plant beds and 14-35% in
adjacent plant-free areas. Reduction of light transmission values in
plant-free areas was probably due to changes in sediment turbidity or plankton
abundance. Current velocities decreased 10-50% at the surface and 30-70% at
the bottom between June and September in plant beds, but did not decrease in
areas devoid of plants. Reduction in average current velocity during the
season ranged from 50 to 80% (Table 34). Reductions were similar in the
Detroit River but were not as obvious because the seasonal ranges of light and
current velocities were smaller.

We treated average water depth, light transmission, and current velocity
data associated with each of the common macrophyte taxa shown (Table 35),
separately by river, but averaged them over months to mask the variation in
seasonal changes in light and velocity. The purpose of the table is to
provide an average condition under which the taxa occur in the two rivers, and
thus enable us to group taxa that occur under similar conditions. The table
also includes the result of a correlation analysis between the biomass of each
taxon and depth, light, and velocity.

Several taxa in both rivers were associated more frequently than others
with various depth levels, light transmissions, and current velocities (Table
36). For example, both P. rlchardsonii and P. gramineus were more common in
areas where current veloities exceeded 0.7 Tt/sbutYRP. richardsonii occurred
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Table 33. Mean depth (ft), light transmittance (%), and current velocity (ft/s) at

stations where submersed macrophytes were sampled in the St. Clair and

Detroit rivers.

Light
Depth transmittance Current veloctt

Location Surface Bottom

Stag Island 8 50 1.5 1.0

Fawn Island 6 47 1.2 0.7

Russell Island 7 36 1.3 0.6

Belle Isle 7 19 0.6 0.4

Point Hennepin 6 16 0.3 0.1

Stony Island 6 14 0.7 0.4
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Table 34. Mean light transmittance (%) and current velocities (ft/s) measured in beds

of submersed macrophytes and in areas without submersed macrophyte beds in the

St. Clair River in 1983 and 1984

Light transmittance Current velocity
Taxon June July-August September June July-August September

No plants 64 42 45 2 .2a/ 2.6 2.2

Chara spp. 57 55 43 1.2 0.7 0.6

Elodea 47 27 20 1.0 0.4 0.3
canadensis
Myilophy11um
splo48 27 19 0.7 0.3 0.2

Nitella 41 33 28 1.4 1.1 0.4
"-ffTs

Potamogeton
gramineus 53 50 38 1.5 0.8 0.6

Potamogeton
spp. 55 42 33 1.4 0.7 0.6

Potamogeton

richardsonii 49 36 24 1.4 0.5 0.3

a/ Mean of measurements at surface and bottom.



68

Table 35. Mean depth (ft), light transmittance (%), and current velocity (ft/s) in beds of

submersed macrophyte taxon in the St. Clair (S) and Detroit (D) rivers, June

14 - September 20, 1983-1984.

Sample Light Current
Taxon size Depth transmittance velocity

S D S D S 0 S D

Chara spp. 559 115 6(-)a/ 7(-) 52(+) 24(+) 0.8 0.4

Elodea
canadensis 218 48 9 5 31 10 0.6 0.2

Heteranthera b/
duba 47 F 5 F 14 F 0.4

Myriophyllum
spicatum 86 150 8(-) 6 31 21 0.4 0.3

w ils 40 51 4 6 48 25 0.7 0.4

Nitella
alna 56 89 9 6 34 18 1.0 0.2

Nitellopsis
tusa F 71 F 6 F 27 F 0.2

Potamoqeton

.crispus 34 80 8 6 44 10 0.4 0.3

Potamogeton
gramineuS 328 33 6(+) 6 47 26 1.0 0.4

Potamogeton
spp. 424 266 7 6(-) 43 19 0.9 0.3(-)

Potamogeton7rc tardsonii 253 179 8 7 36 12 0.7 0.4

Potamooeton

zosterifomis 24 47 7 8 53 19 0.5 0.3

VallIsneria
americana 32 551 6 7 38 16(-) 0.4 0.3

a/ Significant correlation (P < 0.05) between taxon biomass and physical variables, sign

indicates inverse (-) or positive (+) relationship.

b/ Few or none present.
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Table 36. Taxa associations with water depth, light transmission, and current velocity
in the St. Clair and Detroit rivers, June-September 1983-1984.

St. Clair River

Mean depth > 7 ft. Mean depth <7 ft.
Mean light transmission < 42% Mean light transmission > 42%

Velocity (ft/s)
> 0.7 <'0.7 >0.7 <0.7

P.richardsonii El da canadensis Chara spp. Potamogeton spp.
E rlphlUmUspcatum P rmnu

Detroit River

Mean Depth >6 ft.
Velocity > U.3 ft/s

Mean ligh transmission '21% Mean light transmission < 16%
Chara spp. Vail isneria amer-cana
Pyrophyllum spicatum P. richardio-nTT
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more frequently than P. gramineus in water deeper than 7 ft. Vallisneria and
P. richardsonii appear to be adapted to the low light transmission in the
Detroit River.

Significant correlations of the biomass of macrophyte taxa with physical
measurements were few; they are most often with depth and least often with
current (Table 35). Chara spp. in both rivers was associated negatively with
depth and positively wt light. Since these two physical variables are inversely
related, Chara spp. biomass may be limited by low light. The negative correlation
between P mqeton spp. and depth may be related to the higher current usually
associated with deeper water near the navigation channel in the Detroit River.
The biomass of Potamogeton ramineus tended to be higher in deeper water in
the St. Clair River. Biomass of Myrioph llum spicatum in the St. Clair River
was higher at depths greater than ft than at lesser depths.

JUVENILE AND ADULT FISH

Composition and Distribution of Catch

We captured 1,775 fish of 36 different species in 1983 and 1,038 fish of
26 species in 1984 (Table 37 and Appendix R). Of the 39 species represented,
only 7 were captured commonly (> 50 fish/year): yellow perch, rock bass,
hornyhead chub, spottail shiner, striped shiner, rainbow smelt and white sucker,
collectively made up 86% of the total for both years combined. Only yellow
perch and rock bass were common in both rivers in both years. Thirteen species
collected in 1983 were not taken in 1984; of these, 11 were represented by a
single individual and the other 2 by 3 and 10 specimens. Three species caught
in 1984 but not in 1983 were represented by only one fish each.

A larger number of fish species were collected in the Detroit River than
in the St. Clair River, particularly in 1983. Sixteen species were collected
only in the Detroit River, of which channel catfish, stonecat, white bass,
white perch, and brown bullhead were abundant enough to be considered common
(Table 37). Trout-perch, striped shiner, and rainbow trout were collected
only in the St. Clair River. Frequency of capture of most species by year,
river, or presence of vegetation was erratic (Tables 37, 38, and 39).

In both 1983 and 1984, the numerically dominant species in the catch, yellow
perch and rock bass, were collected during every month (Table 40). Two common
species, rainbow smelt and spottail shiners, were collected most often in May
and June. Catches of other species showed both seasonal and spatial variation.
Channel catfish were present only in the Detroit River, where they were captured
in all months except July. In the St. Clair River, stripel shiners were abundant
in June and October and hornyhead chubs from July to October. Some of the
large seasonal catches probably reflected migrations or spawning runs. For
example, the white suckers captured in May were gravid and the hornyhead chubs
captured in July were in spawning coloration and had well-developed breeding
tubercles.
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Table 37. Total number. Percent of total, and meAn length (m) of fish collected in the St. Clair and Detroit rivers during
1963 and 1964.

1983 1984I meanMean
Cameo ne Scientific name NImber Percent length Number Percent length(-) (me)

Yellow perch Perca flavescens 989 $6 120 365 35 149
Rack bass 2i 296 17 130 246 24 ISSNornyhoad chuN* INtaus 111 1 110 43 4 117
Spottal shiner S' 5ffli i 70 4 101 15 105
Striped shiner is 55 3 100 1 95
Rainbow smelt us mordax 46 3 116 146 14 115
ml 1mouth bass ! - -- lolmteui 20 1 101 5 247
Channel catfish IC U unctatus 16 1 419 34 3 441
White sucker a commersoni 12 1 178 61 6 434
StonKat no " Tavus 11 1 206 35 3 216
whte perch rof ear-- Cna 10 1 143 0 -
Como" carp c 9 475 3 519
Bluegill s!macrc Pirus 6 145 2 254
White bass _ € F ' 6 242 1 83
Black crapple PmiTi~ culatus 5 228 S 167
Pumpkinseed los 4 137 6 140
Brown bullhead 2 Olc u iuIs j'tesus 3 264 5 279
Yellow bullhead u It iT 3 231 0 -
Black redhorse t -Usnel 3 397 S 459
Northern pike us 2 660 1 775
Alewife 1 -a"i"oharenoUs 2 120 44 4 80
Golden redorse ._g ery ru 2 420 1 496
Trout-perch ORf comarCus 2 120 2 111
Logprch Per!in erode$ I Jos 0 -
Central stoneroller 1um 1 126 0 -
Walle T Tit'1WToF v i vitreum 1 254 8 405
Gizzard shad 1 106 0 -
White crappie P -mou ---ai 1 205 0 -
Comn shiner O 1 106 0 -
Freshwater drum grunnons 1 373 1 375
Bipmouth buffalo Tcttbls Cyrinelus 1 370 0 -
Mottled sculpin 1o't-- ai 1 71 0 -
Largemouth bass W -ll-o-i l ealoides 1 9 0 -
Bowfi n AiIT Calve 1 532 0 -
Emerald shiner Q" Satherinoides 1 94 0
Goldfish r us auratus 1 161 0 -
W. perch x w. bass hybrid 0 1 106
Rainbow trout Salmo qddneri 0 1 320
Americaneal "IIl r s -rt a 0 1 602

Total 1,775 1038

...Lm i k i d li
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Table 38. Numbers and weights (g) of fish collected in the St. Clair and

Detroit rivers in 1983 and 1984.

1983 1984

Species St. Clair Detroit St. Clair Detroit
o. Wt(g) No. Wtg7 No. Wt(g) No. Wt(gT-

Yellow perch 733 18391 256 6131 250 10186 115 5151
Hornyhead chub 176 2857 12 236 38 631 5 130
Rock bass 153 11108 143 9271 88 12784 158 13339
Striped shiner 55 818 0 0 1 10 0 0
Spottail shiner 38 465 32 357 2 22 13 135
Rainbow smelt 28 368 18 82 146 1260 0 0
Smallmouth bass 15 323 5 51 3 1944 2 38
White sucker 11 1815 1 100 6 6547 55 46030
Black crappie 5 840 1 350 1 352 1 178
Bluegill 2 180 4 99 0 0 1 12
Pumpkinseed 2 74 2 200 3 168 3 236
Alewife 2 31 0 0 31 234 13 36
Trout-perch 2 27 0 0 2 24 0 0
Common carp 1 2700 8 11824 0 0 3 5100
Northern pike 1 1500 1 2000 1 1700 0 0
Bowfin 1 1400 0 0 0 0 0 0
Walleye 1 120 0 0 4 1442 4 3650
largemouth bass 1 14 0 0 0 0 0 0
Comon shiner 1 13 0 0* 0 0 0 0
Mottled sculpin 1 6 0 0 0 0 0 0
Channel catfish 0 0 18 16458 0 0 34 29188
Stonecat 0 0 11 1384 0 0 35 3988
White perch 0 0 10 470 0 0 0 0
White bass 0 0 5 1227 0 0 5 490
Black redhorse 0 0 3 1967 3 2722 2 1672
Brown bullhead 0 0 3 663 0. 0 5 1462
Yellow bullhead 0 0 3 388 0 0 0 0
Golden redhorse 0 0 2 1582 1 1200 0 0
Bigmouth buffalo 0 0 1 800 0 0 0 0
Freshwater drum 0 0 1 680 1 650 0 0
White crappie 0 0 1 150 0 0 0 0
Goldfish 0 0 1 74 0 0 0 0
Stoneroller 0 0 1 13 0 0 0 0
Logperch 0 0 1 10 0 0 0 0
Gizzard shad 0 0 1 9 0 0 0 0
Emerald shiner 0 0 1 7 0 0 0 0
Rainbow trout 0 0 0 0 1 258 0 0
American eel 0 0 0 0 0 0 1 360
White perch X white
bass hybrid 0 0 0 0 0 0 1 16

Total 1229 44768 546 54655 582 42139 456 111211



73

Table 39. Numbers and weights (g) of fish collected in vegetated or

non-vegetated areas in the St. Clair and Detroit rivers in 1983 and

1984.

1983 1984

Species Ve e Nvegtated Vegttated veetated
No. Wt No. Wt No. Wt No. Wt

Yellow perch 714 16282 275 8240 191 7664 174 7673
Rock bass 130 8197 166 12182 107 9029 139 17094
Hornyhead chub 113 1869 75 1224 22 386 21 380
Striped shiner 45 723 10 95 1 10 0 0
Spottail shiner 44 539 26 283 8 80 7 77
Channel catfish 7 7100 11 9358 10 9140 24 20048
Common carp 5 6180 4 8344 3 5100 0 0
Smallmouth bass 5 40 15 334 1 28 4 1954
Rainbow smelt 4 18 42 432 99 836 47 424
Black redhorse 3 1967 0 0 5 4394 0 0
Pumpkinseed 3 140 1 134 2 92 4 312
White sucker 3 139 9 1776 3 3249 58 49328
White perch 3 43 7 427 0 0 0 0
Brown bullhead 2 449 1 214 5 1462 0 0
Stonecat 2 214 9 1170 21 2460 14 1528
Northern pike 1 2000 1 1500 1 1700 0 0
Bowfin 1 1400 0 0 0 0 0 0
Freshwater drum 1 680 0 0 0 0 1 650
Golden redhorse 1 708 1 874 1 1200 0 0
Black crappie 1 214 5 976 1 352 1 178
Yellow bullhead 1 190 2 198 0 0 0 0
White crappie 1 150 0 0 0 0 0 0
Goldfish 1 74 0 0 0 0 0 0
Alewife 1 16 1 15 3 70 41 200
Bluegill 1 14 5 265 1 12 0 0
Largemouth bass 1 14 0 0 0 0 0 0
Common shiner 1 13 0 0 0 0 0 0
Stoneroller 1 13 0 0 0 0 0 0
White bass 0 0 5 1227 4 148 1 342
Trout-perch 0 0 2 27 1 12 1 12
Bigmouth buffalo 0 0 1 800 0 0 0 0
Walleye 0 0 1 120 4 2342 4 2750
Logperch 0 0 1 10 0 0 0 0
Gizzard shad 0 0 1 9 0 0 0 0
Emerald shiner 0 0 1 7 0 0 0 0
Mottled sculpin 0 0 1 6 0 0 0 0
American eel 0 0 0 0 1 360 0 0
Rainbow trout 0 0 0 0 0 0 1 258
White perch X white

bass hybrid 0 0 0 0 0 0 1 16

Total 1096 50309 679 49779 495 50126 543 103224
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Table 40. Numbers of common species of fish collected in the St. Clair and Detroit

rivers, May-October 1983 and 1984.

St. Clair River Detrolt River
Month and species 1983 1984 1983 1984

May
Rainbow smelt 20 0 18 0
Spottail shiner 20 0 12 3
White sucker 1 0 0 55
Rock bass 1 3 24 40
Yellow perch 1 5 22 26
Stonecat 0 0 1 2

June
Yellow perch 67 14 8 10
Striped shiner 18 0 0 0
Hornyhead chub 13 0 0 1
Rainbow smelt 8 146 0 0
Rock bass 6 4 32 43
Trout-perch 1 2 0 0
Spottall shiner 0 1 9 4
White perch 0 0 8 0
White bass 0 0 5 3
Stonecat 0 0 1 21

July
Yellow perch 186 68 84 18
Hornyhead chub 59 6 7 1
Rock bass 40 45 33 28
Alewife 2 0 0 11
Pumpkinseed 1 0 0 2
Spottail shiner 1 0 8 5
Channel catfish 0 0 4 2
Black redhorse 0 0 1 1
SmalImouth bass 0 3 0 0
Common carp 0 0 0 3

September
Yellow perch 223 106 40 14
Rock bass 51 20 23 19
Hornyhead chub 41 2 1 2
Smallmouth bass 13 0 0 0
Spottail shiner 13 1 3 0
White sucker 5 0 0 0
Northern pike I 1 0 0
Black crappie 1 1 0 0
Pumpkinseed 1 2 2 0
Channel catfish 0 0 9 29
Common carp 0 0 3 0
Stonecat 0 0 3 2
Black redhorse 0 3 1 1
Alewife 0 30 0 0

October
Brown bullhead 0 0 0 5
Yellow perch 256 57 102 47
Hornyhead chub 63 30 3 1
Rock bass 55 16 31 28
Striped shiner 35 0 0 0
Black crappie 4 0 1 1
White sucker 4 6 -1 0
Spottail shiner 4 0 0 1
Smallmouth bass 2 0 5 2
Common carp 1 0 3 0
Stonecat 0 0 6 9
Channel catfish 0 0 5 3
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An averige of 2.4 species were collected per net set in 1983-1984. The
average number of species caught was nominally higher in 1983 than 1984 at all
locations (Table 41) but was significantly higher only at Stony Island. The
number of fish species per net set was highest during July-October at most
locations in both years (Fig. 13). Catches were significantly greater in
October than in May and July at Russell Island, and in July than in May at
Stag Island (Table 41). There were no significant differences in the number
of species collected per net set in the vegetated or non-vegetated areas at
each location, and catches were not consistently higher in either type of
habitat over all locations (Table 41). The number of species collected
differed slightly between nets set in vegetated and non-vegetated areas in
July and September (Fig. 14).

Abundance

The mean catch for all species combined was larger in 1983 than in 1984,
increased from May to October, was larger in the St. Clair River than in the
Detroit River, and was larger in nets set in vegetated than in non-vegetated
areas (Table 42). To determine if these differences were significant, we
analyzed the variance of total catch and the abundance of yellow perch and
rock bass, the two most abundant species, against year, month, river,
locations, and presence or absence of vegetation (Appendix T). Computationally,
this is a lengthy analysis, and to simplify it, we analyzed each location
separately. We found few significant differences in catch between years, among
months, or between vegetated and non-vegetated areas.

The mean catch of all species combined was not significantly different
between 1983 and 1984 at any of the locations (Table 43). The catch in 1984
was 69% lower than in 1983 at Stag Island and 29% higher than in 1983 at Stony
Island. Differences in catch between years at each island declined progressively
from upstream to downstream locations (Fig. 15). Thus, there was a 53% decline
in the St. Clair River from 1983 to 1984 and a 16% decline in the Detroit River.
Catches in July, August, and September, were 54, 44, and 65% lower, respectively,
in 1984 than in 1983 (Fig. 16). Fluctuations between years were substantially
lower in the Detroit than in the St. Clair river. Monthly trends in catch at
each location changed little between years. Nets set in vegetated areas at
Fawn Island contained significantly more fish than did those set in non-vegetated
areas. At all other islands, catches in nets set in vegetated and non-vegetated
areas did not differ significantly (Table 43). For all islands, catches were
50% less in 1984 than in 1983 in vegetated areas and 27% less in non-vegetated
areas (Table 44). More fish were caught in nets set in vegetation in both
rivers in 1983 and in the St. Clair River in 1984, but not in the Detroit
River in 1984. Seasonal differences between catches in vegetated and
non-vegetated areas were small in May and October and largest in June, July,
and September (Fig. 17).

The mean catch of yellow perch was consistently higher in 1983 than in
1984, but this difference was significant only at Russell Island and Belle
Isle (Table 45). Catches were higher in July, September, and October at most
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Table 41. Mean numbers of fish species collected by year, month and in vegetated (V) and

non-vegetated (N) areas in the St. Clair and Detroit rivers. Adjacent values that are

Jointly underlined are not significantly different (P < 0.05).

Location Years Months Area

Stag Island 2.5 2.0 3.6 3.0 1.9 1.6 1.1 2.3 2.2
1983 1984 Oct. Sep. June May July (N) (V)

Fawn Island 2.1 1.9 2.5 2.5 2.0 2.0 1.0 2.4 1.7
1983 1984 Sep. July Oct. June May- (V) (N)

Russell Island 2.8 2.2 2.9 2.8 2.8 2.8 1.3 2.7 2.2
1983 1984 July Sep. Oct. June May (V) (N)

Belle Isle 2.4 2.1 2.9 2.5 2.3 2.1 1.5 2.4 2.1
1983 1984 Oct. July Sept. May June (N) (V)

Point Hennepin 2.2 1.8 2.6 2.3 1.9 1.6 1.5 2.1 1.9
1983 1984 Oct. July may June Sep. M (NJ

Stony Island 3.7 2.7 4.1 3.5 3.1 2.9 2.4 3.4 3.0
1983 1984 Sep. Oct. June July a (V) (N)
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Figure 13. Seasonal diversity (square root of total number of species

captured per net set + 0.5) of fish at six locations in the SCDRS.
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Figure 14. Seasonal diversity (square root of total number of
species captured per net set + 0.5) of fishes in
vegetated and non-vegetated areas.
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Figure 15. Mean catch (square root of mean catch + 0.5) of fish
at six locations in the SCDRS.
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Table 42. Mean total catch of fish by year, month, river, location, and

vegetated and non-vegetated areas in the St. Clair and Detroit

rivers.

Effect N Mean

Year

1983 120 14.8
1984 120 8.6

Month

May 48 5.5
June 48 9.1
July 48 13.1
September 48 14.2
October 48 16.6

River

St. Clair 120 15.1
Detroit 120 8.4

Location

Stag Island 40 18.5
Fawn Island 40 11.0
Russell Island 40 15.8
Belle Isle 40 9.3
Pt. Hennepin 40 6.6
Stony Island 40 9.2

Plants

Non-vegetated 126 9.7
Vegetated 114 14.0
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Table 43. Total catch of adult and juvenile fish by year, month, and in vegetated (V) and
non-vegetated (N) areas in the St. Clair and Detroit rivers. Adjacent values that are

jointly underlined are not significantly different (P < 0.05).

Location Years Months Area

Stag Island 28.2 8.8 47.5 35.2 3.6 3.5 2.5 21.0 16.0
1983 1984 Oct. Sep. May June July (N) (V)

Fawn Island 14.0 8.1 18.8 16.9 10.2 9.2 0.1 20.4 4.2
1983 1984 July Sep. June Oct. May (V) (N)

Russell Island 19.2 12.2 30.2 22.1 12'8 10.2 3.4 17.8 13.5
1983 1984 July June Sep. Oct. May (V) (N)

Belle Isle 11.0 7.6 15.0 10.4 7.6 7.0 6.5 9.6 8.9
1983 1984 Oct. July May June Sep. (N) (V)

Point Hennepin 8.2 5.0 10.5 10.2 5.2 3.8 3.2 7.4 5.9
1983 1984 Oct. July May Sep. June (V) (N)

Stony Island 10.3 8.0 13.2 10.2 8.5 7.4 6.4 10.2 7.9
1984 1983 May Sep. June Oct. July (N) (V)
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Figure 16. Mean seasonal catch (square root of mean catch + 0.5) of fish at
six locations in the SCDRS.
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Table 44. Number of fish caught by month in vegetated and non-vegetated areas in

the St. Clair and Detroit rivers in 1983 and 1984.

St. Clair River Detroit River
Month Ve d qetated -v ae e etate nv d~tt

May 24 7 23 3 32 8 50 120

June 86 109 32 60 18 56 50 26

July 179 78 111 44 80 28 61 47

September 232 88 116 82 53 30 37 44

October 295 40 130 71 96 51 66 46

Total 816 322 412 260 279 173 264 283

I
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Table 44. Number of fish caught by month in vegetated and non-vegetated areas in

the St. Clair and Detroit rivers in 1983 and 1984.

St. Clair River Detroit River
Month V ted g tated Vegetated Non-vegetate

191 T 111 18T 1903 19M 1983 1984'

May 24 7 23 3 32 8 50 120

June 86 109 32 60 18 56 50 26

July 179 78 111 44 80 28 61 47

September 232 88 116 82 53 30 37 44

October 295 40 130 71 96 51 66 46

Total 816 322 412 260 279 173 264 283
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Figure 17. Mean monthly catch (square root of mean catch
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Table 45. Mean number of yellow perch collected by year, month, and in vegetated (V) and

non-vegetated (N) in the St. Clair and Detroit rivers. Adjacent values that are
Jointly underlined are not significantly different (P < 0.05).

Location Years Months Area

Stag Island 17.5 3.5 28.1 24.3 0.4 0.0 0.0 23.7 7.4
1983 1984 Oct. Sep. July May June (V) (N)

Fawn Island 9.9 6.0 14.4 11.5 7.9 6.3 0.0 15.8 2.3
1983 1984 July Sep. June Oct. May (V) (N)

Russell Island 9.1 2.9 17.0 5.4 4.8 2.3 0.8 7.2 4.7
1983 1984 July Sep. Oct. June May M (N)

Belle Isle 6.2 1.8 9.8 4.9 2.9 1.9 0.8 4.4 3.7
1983 1984 Oct. July Sep. May June M (NJ

Point Hennepin 5.3 3.5 8.5 7.3 3.0 2.4 1.0 5.5 3.4
1983 1984 Oct., July Sep. May June (V) (N)

Stony Island 1.3 0.3 1.8 0.9 0.6 0.5 0.4 1.3 0.5
1983 1984 May Sep. July June Oct. (V) (N)
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locations, but the differences were significant only at Stag Island, Russell
Island and Belle Isle (Fig. 18). Significantly more yellow perch were caught
in nets set in vegetation than in non-vegetated areas at Fawn Island (Table
45); differences were greatest in June, July, and September (Fig. 19).

Rock bass densities were higher in 1983 than 1984, but were significantly
higher only at Russell Island and Belle Isle (Table 46). Monthly differences
were significant only at Stag and Russell islands, and catches were dominant
in either July, September, or October (Table 46). Monthly trends at each
location did not differ by year (Fig. 20). Catches of rock bass over all
locations did not differ significantly between vegetated and non-vegetated
areas (Fig. 21). The total combined catch of the remaining species was higher
in 1983 than in 1984 (Table 37); however, more rainbow smelt, channel catfish,
white suckers, stonecats, alewives, and walleyes were caught in 1984 than in
1983. Catches of all species were greater in the St. Clair than in the
Detroit River except for common carp in 1983 and rock bass, spottail shiners,
and white suckers in 1984 (Table 38). Few consistent trends relating
abundance of these species to the presence or absence of plants were evident
(Table 39), although channel catfish, smallmouth bass, and white suckers were
more abundant in both years in non-vegetated areas.

Most of the fish that we caught were adults rather than juveniles, as
evidenced by their mean length (Table 37). The only juveniles we captured
frequently were yellow perch and rock bass. Although fewer fish were caught
in 1984 than in 1983, most were larger in 1984 than in 1983. Total fish
biomass was also greater in 1984 than in 1983 (Table 38). Several large white
suckers and channel catfish captured in the Detroit River caused the total
biomass there to be larger than in the St. Clair River, even though more fish
were captured in the St. Clair River.

Total biomass of all species, except rock bass and white sucker, was
lower in 1984 than in 1983 (Table 38). The relation between total biomass of
most species and their presence in vegetation was strong in 1983 but weak in
1984 (Table 39). Weights of yellow perch, hornyhead chubs, striped shiners,
and spottail shiners were higher in vegetated than in non-vegetated areas in
1983, but were about equal in the two types of areas in 1984. A consistent
trend over both years was that of the catch of rock bass, channel catfish,
smallmouth bass and white suckers being greater in non-vegetated than in
vegetated areas. Total weights of fish caught increased from May to October
(Table 47). Large monthly differences in biomass between years and rivers
resulted from the catch of a few large species such as white sucker, channel
catfish and common carp.

Relationship between Fish and Physical Environment

A correlation analysis between fish catch data and environmental variables
(water depth, temperature, current velocity, and light transmission) over
various combinations of bottom type (silt-clay, sand, rubble), in vegetated
and non-vegetated areas resulted in few significant correlations. Yellow
perch numbers correlated positively with temperature in two instances, and
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Figure 18. Mean seasonal catch (square root of mean catch + 0.5)
of yellow perch at six locations in the SCDRS.
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+ 0.5) of yellow perch in vegetated and
non-vegetated areas.
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Table 46. Mean number of rock bass collected by year, month, and in vegetated (V) and

non-vegetated (N) areas in the St. Clair and Detroit rivers. Adjacent values that are

jointly underlined are not significantly different (P < 0.05).

Location Years months Area

Stag Island 1.6 1.5 4.1 2.0 1.0 0.4 0.4 1.8 1.3
1983 1984 Oct. July Sap. June May (N) M

Fawn Island 2.1 1.2 3.6 2.6 2.1 0.0 0.0 2.6 1.0
1983 1984 Sep. July Oct. may June (V) (N)

Russell Island 3.8 1.7 6.0 4.3 2.6 0.9 0.1 4.1 1.6
1983 1984 July Sep. Oct. June May (N) (V)

Belle Isle 5.3 3.3 6.1 4.8 4.3 3.0 3.5 4.6 4.0
1984 1983 June July Oct. Sep. ay (N) (y)

Point Hennepin 1.1 0.6 1.8 0.9 0.8 0.8 0.4 0.9 0.9
1983 1984 may July Oct. June Sp. (V) (N)

Stony Island 2.6 1.9 2.8 2.5 2.4 2.0 1.9 2.4 2.2
1983 1984 may June Oct. July Sep. (N) M

(
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of rock bass at six locations in the SCDRS.

-- 41 , -nmmmmmmmu lnmm ~ll=



91

5
eVegetated a Non-Vegetated

S2-

0 . II ,. I I I I
May June July Aug. Sept. Oct.

Time (months)

Figure 21. Mean monthly catch (square root of mean catch
+ 0.5) of rock bass in vegetated and
non-vegetated areas.

,,,,( m mm mnam m d olm • I



92
Table 47. Total weights of common fishes collected in the St. Clair and Detroit

rivers in May-October, 1983 and 1984.

St. Clair River Detroit River
Month and species 19M3 1984 1953 ' 194

May
Rainbow smelt 296 0 82 0
Spottail shiner 200 0 145 32
White sucker 840 0 0 46030
Rock bass 6 848 1618 4477
Yellow perch 6 82 750 827
Stonecat 0 0 220 298
Walleye 0 0 0 1660
Golden redhorse 0 1200 0 0

June
Yellow perch 736 719 226 521
Striped shiner 197 0 0 0
Hornyhead chub 233 0 0 40
Rainbow smelt 72 1260 0 0
Rock bass 478 872 1910 3744
Trout-perch 10 24 0 0
Spottail shiner 0 14 102 49
White perch 0 0 435 0
White bass 0 0 1227 470
Walleye 0 762 0 0
Stonecat 0 0 54 2428
Bowfin 1400 0 0 0
White sucker 840 0 0 0
Cemon carp 0 0 4700 0
Black redhorse 0 0 900 0
8igmuth buffalo 0 0 800 0
Freshwater drum 0 0 680 0

July
Yellow perch 5516 2685 2187 939
Hornyhead chub 944 149 144 12
Rock bass 3596 6647 2838 1271
Alewife 31 0 0 16
Pumpkinseed 60 0 0 224
Spottail shiner 9 0 77 46
Channel catfish 0 0 1770 1582
Black redhorse 0 0 530 652
Smallmouth bass 0 1944 0 0
Common carp 0 0 0 5100
Walley* 0 0 0 890

September
Yellow perch 4594 3660 1041 543
Rock bass 3887 2510 1049 2246
ornyhead chub 616 41 12 46
Smallmouth bass 309 0 0 0
Spottail shiner 206 8 33 0
White sucker 84 0 0 0
Northern pike 1500 1700 0 0
Black crappie 120 352 0 0
Pumpkinseed 14 100 200 0
Channel catfish 0 0 7704 25484
Common carp 0 0 3024 0
Stonecat 0 0 268 250
Black redhorse 0 2722 537 1020
Alewife 0 174 0 0
Walleye 0 680 0 0
Golden redhorse 0 0 1582 0
Freshwater drum 0 630 0 0
Brown bullhead 0 0 0 1462
Rainbow trout 0 258 0 0

October
Brown bullhead 0 0 468 0
Yellow perch 7539 3040 1927 2321
Hornyhead chub 1064 446 62 32
Rock bass 3141 1907 1856 1601
Striped shiner 608 0 . 0 0
Black crappie 720 0 350 12
White sucker 51 6547 100 0
Spottail shiner 50 0 0 8
Smallmouth bass 14 0 51 38
Common carp 2700 0 4100 0
Stonecat 0 0 842 '912
Channel catfish 0 0 6984 2122.
Northern pike 0 0 2000 0
Walleye 0 0 0 1100
American eel 0 0 0 300
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rock bass numbers correlated negatively with current velocities in four
instances and positively with temperature In two instances. Total number of
species and total weight had several positive associations with temperature.
Associations with temperature were most common and those with current
velocities the least common. The substrate with which the four species were
most commonly associated was sandy, with or without vegetation.

For a summary analysis, we determined mean catch and weight of all species
combined, total number of species collected, mean catch of yellow perch, rock
bass, hornyhead chubs, and spottail shiners associated with six sediment-vegetation
combinations. The highest and lowest catches and diversity (number of
species) were then listed with the various sediment-vegetation combinations
(Table 48). For example, the highest mean catch of hornyhead chubs per net
set was highest in sandy areas in vegetation and lowest in non-vegetated
rubble areas. We also found that low current velocities were associated with
fine sediments and faster currents with coarse material. Vegetation tended to
be in areas with slower currents. Yellow perch were collected most often in
vegetation, regardless of sediment type; rock bass were taken over rubble
without regard to vegetative cover; and hornyhead chubs and spottail shiners
were most often caught over fine sediments in vegetated areas.

DISCUSSION

DISTRIBUTION AND ABUNDANCE OF MACROZOOBENTHOS

The number of taxa of macrozoobenthos listed in this study (160) exceeded
that in any work on SCDRS, including that of Hlltunen (1980), Hlltunen and
Manny (1982), Ontario Ministry of the Environment (1979), Thornley and Hamdy
(1984), and Thornley (1985). The number of such taxa reported for any aquatic
system depends primarily on the level of taxonomic treatment and the timing
and extent of the sampling program. In the present study, we attempted to
identify most specimens at least to genus (which potentially lengthened our
list relative to those in the other published works), but we also limited our
sampling to near-channel areas and to spring and fall (which potentially
shortened the list). Our list (Appendix C) was also made somewhat longer than
those In earlier works by the inclusion of Copepoda and Cladocera. However,
our list might have exceeded 300 species, if we had identified all specimens
to species, particularly within the Chironomidae, Ephemeroptera, Trichoptera,
Odonata, and Ollgochaeta, and added the other remaining taxa.

Our collections contained all of the major taxa listed in past studies in
SCORS but did not include several less abundant taxa such as Crangonx,
Dolichopodldae (Hiltunen 1980), and Pseudocleon (Ontario Ministry of the Environment
1979). In addition, we collected several common chironomid genera (Robackia,
Chernoskia, and Lopescladius) that had not been reported from the system.
These chtronomids were common in the less productive sand-gravel sediments and
their abundance may have been underestimated because their thin body form and
small size allowed them to escape through the sieve (this is a common problem
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Table 48. Fish catches and associated environmental conditions In the St. Clair and Detroit

rivers in 1983-1984.

Physical characteristics Vegetation

and catch Absent Present

Bottom type Silt-clay Sand Rubble Silt-clay Sand Rubble

Men depth (ft) 4.3 4.0 5.0 4.4 4.0 4.7

*an current (ft/s) 0.6 1.1 1.1 0.4 1.1 1.1

Catch
Mean wt, all species Lowest Highest
Mean catch, all species Highest Lowest
Diversity Lowest Highest
Catch of hornyhead chub Lowest Highest
Catch of yellow perch Lowest Highest
Catch of spottail shiner Lowest Highest
Catch of rock bass Lowest Highest
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with "rare" taxa, which often are merely not adequately sampled).

Comparison of zoobenthos diversity in large river systems is difficult
because taxonomic detail is usually inadequate. The following studies are
exceptions. Barton (1980) collected 114 taxa of benthic macroinvertebrates
from the Athabasca River in northern Alberta, Canada. Hudson and Nichols (In
Press) recorded 206 taxa from the Savannah River, South Carolina-Georgia. The
list of 334 taxa from the wave-zone habitat (0 to 2-m depth zone) of the
exposed shores of the Canadian portion of the Great Lakes (Barton and Hynes
1978) surpassed that for SCDRS. Although several taxonomic groups (e.g.
oligochaetes, chironomids) were treated at different taxonomic levels in the
two studies, the overall similarity was striking. The higher diversities of
mayflies and stoneflies in the wave-zone and clams and leeches in SCDRS are
noteworthy exceptions. Barton (1980) pointed out the greater diversity of
sand-dwelling animals in rivers connecting ancient bodies of water with
waveswept shores, such as those of Lake Baikal, Black Sea, and Caspian Sea,
and stated that there are no ecological equivalents in glaciated North
America. Barton used mollusks and malacostracans as examples of relict fauna
not found in glaciated North America, but SCDRS may be an exception because
both groups are well represented.

Variability in type of gear and sieve size, plus the great seasonal
variability in numbers of small individuals or instars, makes the value of
numerical comparisons of abundance between investigations dubious. This
becomes immediately obvious when one realizes that our densities were at least
10 times higher than those reported by Thornley (1985) for SCDRS. Some of the
differences may reflect an increase in macrozoobenthos numbers and diversity
over time as a result of pollution abatement measures that occurred in the
1960's and 1970's. However, differences in the amount and distribution of
sampling effort and in sampling and processing techniques all probably
contributed to the difference--which points out clearly the need for
standardization. Other gross differences in density between areas may reflect
differences in productivity. Barton and Lock (1979) suggested an average
density of benthic organisms of about 2,000/M 2 in the Athabasca River, as well
as many other streams. Barton and Smith (1984) provided estimates of total
invertebrates for a variety of rivers in the world that ranged from 17/M 2 in
the Danube River (Bulgaria) to 40,000/m 2 in certain areas of the Athabasca
River. Spring and fall densities we measured in SCDRS averaged 24,000/m 2.
Assuming a sampling efficiency of only about 50% (Barton and Smith 1984) due
to the large mesh size of the sieves we used, the densities in SCDRS may have
exceeded those in most rivers of the world.

However, one can usually make confident quantitative comparisons of
biomass, which are affected less from presence or absence of large numbers of
small individuals, and by comparing selected species such as Hexagenia.
Biomass estimates for large rivers (Barton and Smith.1984) ranged from 0.1 to
8.6 g/m2 and our value of 1.33 g/m2 for the SCDRS equals or exceeds values for
six of the eight rivers listed. The mean biomass for SCORS is higher than most

Cf
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listed for rivers below impoundments (Walburg et al. 1983), and is nearly identical
to that reported for the St. Lawrence River (1.4 g/m2) by Mills et al. (1981).
Densities of Hexagenia in spring in SCDRS (235/m 2) were higher than those reported
by Hudson and Swanson (1972) for a Missouri River reservoir (140/M2), but somewhat
lower than those reported by Hiltunen and Schloesser (1983) for the St. Marys
River (361/M2). Densities of Hexagenia at transect VI in the St. Clair River in
October 1984, which ranged from 3,600 to 6,730/m2 , are among the highest densities
reported in the literature, and exceed the maximum density (50/M 2) recorded by
Thornley (1985) in the St. Clair River in 1968 and 1977.

Large within-year and between-year variations in abundance of macrozoobenthos
can typically be traced to life cycle patterns. Most invertebrates complete
several generations a year, causing population structure to shift in a matter
of weeks from one dominated by large mature individuals to one of mainly small,
immature specimens. Because density of most taxa in SCDRS is higher in fall,
we might assume that age structure in fall is dominated by young individuals
that are subject to overwinter mortality. In contrast, populations with maximum
densities in spring may be cold-adapted forms that overwinter with little mortality
or grow at low temperatures, and were recruited to our No. 30 mesh screen by May.
Several genera of chironomids have this adaptation to low temperature. Of the 24
taxa we analyzed in detail, 19 had maximum densities during the same month in
successive years, and differences in densities between years were usually less
than 30%. Hydra, Oligochaeta, Manayunkia, Chironomidae, and Acarina were the
only taxa with large, erratic seasonal and yearly changes in density. Hiltunen
(1980) noted large fluxes between years in the oligochaete population in the
St. Clair River. These large changes in density were probably due to the life
history of oligochaetes, to differences in behavior of the multiple species in
this large group or both.

Of the abundant taxa, 75% were most numerous at the shallower off-channel
stations. The relative difference in densities between off-channel and
channel stations is probably a true reflection of the life history requirements
of each taxon, whereas the absolute difference between stations is probably a
sampling artifact. Channel stations in particular are characterized by higher
current velocity and coarser sediments. The Ponar dredge is inefficient in
fast currents, and in the hard clay or rubble substrate, that is characteristic
of the channel bank stations. Many taxa (e.g. Gastropoda, Diptera, Trichoptera,
and Ephemeroptera) may be abundant in these inadequately sampled areas with fast
currents and hard substrate.

Sediment particle size and contaminant distribution basically determine
the composition and density of the benthic community in SCDRS. The St. Clair
River, with its wider range of sediment size and diversity of macrophytes is
dominated by aquatic insects, amphipods, and snails that are intolerant of
pollution. Our samples were collected mainly along the U.S. shoreline, which
is less contaminated than Canadian nearshore waters (Kauss and Hamdy 1985).
The diversity of macrozoobenthos in the Detroit River near Belle Isle is
similar to that in the St. Clair River. The headwater areas of both rivers
support large populations of the filter-feeding caddisflies Cheumatopsyche and
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Hdropsyche. Densities of these two genera are higher in the Detroit River
than in the St. Clair River, probably because seston levels are higher in Lake
St. Clair than in Lake Huron (Kauss and Hamdy 1985). Concentrations of
contaminants were moderately high in the lower Detroit River (Transect XVIII)
but were low at stations along Grosse Ile (Limnotech, Inc. 1985). The bottom
fauna near transect XVIII was dominated by oligochaetes, and the fine sediments
were contaminated with oil. The variety of invertebrates was greater but the
densities were lower in the gravel-cobble substrate of transects XIX-XXI than
at transects in the upper Detroit River. The densities of most of the more
primitive invertebrates, such as Oligochaeta, Nematoda, Nemertinea, and Manayunkia,
were highest in the Detroit River. The transects in Lake St. Clair were devoid
of macrophytes but the substrate was covered with Cladophora in October. The
lake community was simple, consisting of Hexagenia, Oecetis, Sphaeriidae,
Ostracoda, and Nematoda, and was typical of any healthy, lentic community
living on a bottom composed of fine sediments.

Sand, a dominant substrate in many large rivers, is unsuitable habitat
for many benthic invertebrates (Barton and Lock 1979; Berner 1951). In the
St. Clair, Detroit, and Athabasca rivers, dominant sediments range from sand
in the Athabasca River to mud in the Detroit River (Table 49). The constant
flow, low turbidity, and luxuriant plant growth in SCDRS must be major factors
in stabilizing and incorporating finer sediments into what would probably be a
typical river and sand habitat. Although current velocities are relatively high
in SCDRS, most of the littoral substrates contain relatively high percentages
of silt and clay that support large populations of insects and crustaceans.
This situation may be analogous to that in the Volga and Angara rivers in
Russia, which also support high biomasses of amphipods and oligochaetes
(Barton and-Smith 1984). The Athabasca River, in contrast, is turbid; the
substrate is shifting sand that cortains little silt or clay; and the biomass
of macroinvertebrates is relatively low (Barton 1980).

In summary, the high abundance and diversity of macrozoobenthos in SCDRS
is due to the quality and diversity of the habitat: (1) high-quality water
enters SCDRS from Lake Huron, (2) a wide variety of stable sediments are
available, ranging from cohesive clay to cobble, (3) current velocities vary
widely, ranging from 0 to 6 ft/s, and (4) submersed and emergent macrophytes
are diverse and abundant.

DISTRIBUTION AND ABUNDANCE OF SUBMERSED MACROPHYTES

The submersed macrophyte community in the St. Clair and Detroit rivers
changed little from 1983 to 1984. Frequency of occurrence of individual taxa
between years varied by < 7% in each river and was usually < 10% at each
location. The few large discrepancies could be attributed to taxonomic or
sampling problems. For example, at Point Hennepin, the occurrence of narrow-leaf
Potamogeton spp. in June was 22% lower in 1984 than in 1983, but that of P.
zosteriformis was 39% higher. Inasmuch as these two taxa superficially
resemble each other early in the season, those collected in 1984 may have been
Potamogeton spp. and those collected in 1983 may have been P. zosteriformis.
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Table 49. Sediment composition (Z of total) in three large rivers in North

America.

Sediment River

Athabasca
(Alberta,
Canada) St. Clair Detroit

Mud 8 17 56

Muddy sand 28 49 23

Sand 48 4 2

Gravel 16 30 18
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4 The abundance of P. richardsonii in the June collections at Point Hennepin was
24% higher in 1983 ti T - The increase was due in part to the fact
that a large bed of P. richardsonil in deep water was discovered and sampled
routinely only after-it broke the surface in July-August 1983.

The macrophyte community in SCDRS has remained stable since at least
1978. Schloesser and Manny (1982) collected one more taxon (19) in 1978 than
we did and recorded the same dominant taxa by area (Chara spp. in the St.
Clair River and Vallisneria americana in the Detroit -iv'er). In our study,
maximum coverage averaged 53% over the six locations and varied less than 12%
between years. Schloesser and Manny (1982) found submersed macrophytes at 68%
of their stations, none of which were located in the shipping channel. Because
a portion of our sampling grid extended into the shipping channel, where few
plants lived, our estimates of percent cover on the shoals would have to be
adjusted upward to be comparable with theirs. If that adjustment .as made,
our results would be similar to theirs.

The percent occurrence of taxa at our island locations also varied from
that given by Schloesser and Manny (1982), who sampled most extensively in
littoral waters adjacent to the Canadian and U.S. mainland (Table 50). The
occurrences of V. americana, P. richardsonii, y rophyllum spicatum, and
Elodea canadensTs were lower it our St. Clair River island locations than
reported by Schloesser and Manny (1982) at their mainland stations. Potamogeton

rramineus and particularly Potamogeton spp. were more abundant at our locations
Man at their adjacent main lan ocations. In the Detroit River, Potamogeton
spp., V. americana, P. richardsonii, and Characeae were more common at our
sampliWg locations, Whereas Heteranthera dubia was more common at their mainland
locations. Some of these differences may refTect design and sampling differences,
but it appears that at least Potamogeton spp. are more common in shoal areas
at the head and side of islands in SCURS than along the U.S. and Canadian
mainland shorelines. The factor most affecting the distribution of aquatic
macrophytes is bottom type, which is largely determined by current velocity
(Westlake 1975). Current velocities at the heads of islands in SCDRS are
higher than those along the mainland shore; this difference may affect soil
textures and the ability of various species to anchor in a given sediment
(Ozimek et al. 1976).

Extensive monospecific stands of submersed macrophytes were largely
lacking at the six sampling locations in SCDRS. Large stands of Chara spp. at
Fawn Island and Vallisnerla americana at Point Hennepin were the exceptions.
The average number of taxa per grab was 2.5 over all locations and was highest
(3.3) at Belle Isle. Crowder et al. (1977) found a mean value of 5.5 taxa in
Lake Opinicon, Ontario, but their sampling area (25-cm-square quadrant) was
somewhat larger than ours; Liston and McNabb (1986) collected about 2 taxa per
Ponar grab in the St. Marys River.

Schloesser and Manny (1982) found that the areal distribution of macrophytes
was more limited in the Detroit River than in the St. Clair River, but wrote
that the proportion of plant beds with high, medium, and low densities was

4,
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Table 50. Percent frequency of occurrence of dominant submersed macrophytes collected in

littoral mainland areas (Schloesser and Manny 1982) and on island shoals

(present study) in the St. Clair and Detroit rivers.

St. Clair River Detroit River

Island Island
Taxon Mainland shoals Mainland shoals

Vallisneria americana 28 4 49 70

Characeae 68 74 9 23

Potamogeton richardsonii 49 32 4 21

Myriophyllum spicatum 28 8 13 20

Elodea candensis 36 25 7 7

Heteranthera dubia 1 1 31 7

Potamogeton spp. 24 54 3 30

Naas flexllis 1 5 5 5

Potamogeton gramineus 11 24 3 5
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similar in the two rivers. We found similar bed coverage between rivers and a
12% lower biomass in the Detroit River. Schloesser and Manny (1982) reported
that maximum seasonal biomass over the entire system ranged from 118 to 427 g/m2 .
Our September biomass estimates ranged from 93 to 265 g/m2 over the six
locations, and the highest seasonal biomass was 382 g/m2 , in block 6 at Stony
Island.

Maximum biomass estimates for SCDRS made by Schloesser and Manny (1982)
and by us were at the lower end of a range of 110-520 g/m2 reported by Westlake
(1963) for aquatic macrophyte stands in rivers at temperate latitudes. The
mean biomass of 176 g/M2 in SCDRS in September is similar to maximum values of
150 9/m2 measured in the shallow littoral area of the St. Lawrence River (Cooley
1978) and 170 g/M2 in the Red Cedar River, Michigan (Ball and Bahr 1975). In
the Red Cedar River, several years of low discharge were followed by several
years of record high flows that scoured and eliminated most of the macrophytes.
Scouring due to extended high flows does not occur in SCDRS, and once macrophyte
beds become established, it seems likely that only dredging or filling activities
would physically remove them. The spring ice jam of 1984 did not scour beds,
however the soft frazzle ice which typified this jam may not be an effective
scouring agent.

Maximum summer biomass of submersed macrophytes in SCDRS is probably not
related to nutrient availability. Nitrogen (200-400 ug/L) and phosphorus
(2-30 Ag/t) in the system were near the concentrations (100-200 Ug/L and 20-30
ug/1, respectively) that Westlake (1975) believed to be sufficient to support
optimum growth; the exception may be in the St. Clair River, where mean phosphorus
levels were reported to be only 12 ug/i (Ontario Ministry of the Environment 1979).

The seasonal growth patterns we found agreed largely with those reported
by Schloesser et al. (1985). We found a higher biomass in September at every
location, although biomass values for September were not significantly different
from thc;e for July-August at Belle Isle and Point Hennepin. Of the four locations
we sampled in common, we were in agreement at Russell Island (October maximum),
Belle Isle (August-September maximum), and Grosse Ile (August maximum). At
Stag Island Schloesser et al. (1985) found Potamogeton spp. peaked in July and
P. richardsonii in August; we found proportTinal increases in both taxa from June
io September. Brown (1983) also recorded maximum biomass in Anchor Bay between
August and November. The growing season for aquatic angiosperms is restricted
to periods when water temperatures exceed 50*F (Haag 1979, Kunii 1981). The
ice jam in the St. Clair River, in spring 1984 delayed the rise of water
temperatures to 50*F by about 10 days but this delay did not affect the date
on which maximum seasonal biomass was reached.

In the Detroit River, turbidity may reduce light penetration and prevent
the development of certain species of submersed macrophytes in the deeper
portions of the littoral area. It is a general view-that aquatic macrophytes
extend to depths receiving only 1-4% of surface light (Sculthorpe 1967),
although a limit of 15% was observed by Bodkin et al. (1980). Chambers and
Kalff (1985) found that angiosperms were limited to depths where an average of
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at least 21% of the photosynthetically active radiation incident on the water
surface was received over the growing season. The average light transmission
to the bottom of the littoral area in the Detroit River (16%) is near the
lower limit for plant growth; consequently any increase in turbidity in the
Detroit River during the early growing season may eliminate some of the more
light-sensitive species such as P. crispus and P. pectinatus (Sheldon and
Boylen 1977).

The reduction of current velocity by vegetation in a lotic system is well
documented (Gregg and Rose 1982; Nowell and Jumars 1984), and such a reduction
clearly may allow small fish to live in areas where current velocity would
otherwise exclude them. In addition, vegetation harbors benthic invertebrate
food organisms and provides cover for juvenile fishes (Werner et al. 1983).

Macrophytes affect invertebrate community structure and abundance both
directly and indirectly. Submersed macrophytes, by modifying the current,
influence sediment deposition and thus influence the composition of invertebrate
species on the bottom. Macrophytes create heterogeneity and can increase
habitable surface area over a square meter of bottom by a factor of 2 (Brown
et al. 1986). The most important function served by submersed macrophytes may
be provided in fall, when the plants die and the plant material is released in
a *pulse" in a form that can be rapidly used by aquatic detritivores (Hill and
Webster 1983). In the New River, Virginia, this pulse accounted for 13.1% of
the total annual organic input (including periphyton and allochthonous inputs)
to the river and for 28% of the input generated within the middle reach of the
stream (Hill and Webster 1983). The organic input provided by submersed
plants is probably much greater in the SCDRS than in rivers such as the New
River because little other organic matter that enters the SCDRS is derived
from the watershed with the exception of storm sewers in the city of Detroit.

The taxonomic composition and abundance of aquatic macrophytes in SCDRS
probably reflect the stability of flow more than any other environmental
variable. The lack of spates provides long-term stability to the system. The
pattern of distribution in the system reflects physiological and morphological
adaptations of the macrophytes to light and current and results in communities
that are fairly predictable. These developing beds then modify the current
and light, thus allowing additional species to exploit this new microhabitat.
Because competition and space are limited, this development is less predictable
and prevents recognition of consistent associations between species. Differences
in seasonal growth of different taxa further complicate the system, but they
are predictable and further increase stability.

DISTRIBUTION AND ABUNDANCE OF FISH

Most species of fish in the vicinity of island shoals in the St. Clair
and Detroit rivers where our collections were made are either rare, transient
species, or prefer other areas of the river. Our small hoop nets collected
mostly yellow perch and rock bass, along with 34 other species. Larger trap
nets (77 m long lead, 1.8 m deep heart) set by the Michigan Department of
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Natural Resources (Haas et al. 1986) at the outer fringes of the shoal areas
also collected mainly adult yellow perch and rock bass, along with 46 other
species. Cosentino (1983) found 14 species commonly in a marsh-bay complex in
the St. Clair River near Russell Island; however, only 6 of these were
collected in our study. Island shoals, because of their openness and
vulnerability to environmental extremes, may typically have fish communities
dominated by only a few species.

It is also possible that the community of fish inhabiting the island
shoals was not adequately sampled by our gear. This inadequacy would account
for both variation in species caught and the large variation in our spatial
and temporal catch rates. Hoop nets were chosen as our gear because of the
difficulty of sampling in areas of high current. Although hoop nets tend to
yield a lower catch per unit of effort and a more variable catch than other
gears (Pennington et al. 1980), and are not equally efficient for all species
Kallemeyn and Novotny 1977), they may be one of the few gears that can be
fished quantitatively in flowing water. And though electroshocking is not
recommended for sampling in deep, turbid, high-gradient streams (Lariore and
Garrels 1985), two-boat electroshocking might prove to be effective in the
riverine portions of SCDRS. More effort and the use of other sampling gear,
would have increased the size and diversity of our catch, but probably would
not have contradicted our finding that yellow perch and rock bass are the
permanent, dominant residents of the littoral fish community of these island
shoals. Larger species that may belong to this community, but that may not
have been adequately captured by our gear are smallmouth bass in the St. Clair
River and channel catfish and stonecat in the Detroit River. We cannot
speculate on the composition of fish shorter than 100 mm in littoral
communities because of the relatively large mesh size (1-inch stretched
measure) of the netting from which the body of our hoop nets were constructed.

A major objective of this study was to determine if fish used plant beds.
We believe that the higher catches observed in plant beds than in non-vegetated
areas may reflect species-specific (yellow perch, hornyhead chub, spottail
shiner) tendencies, which may also depend on location (e.g. at Fawn Island
fish abundance and the presence of plants were significantly related). These
tendencies were more strongly expressed in 1983 than 1984, and were correlated
with season. The occurrence of significant trends could have been masked by
various factors. Early in the season it was difficult to find well-defined,
high-profile plant beds extending substantial distances into the water column;
consequently we usually selected low profile Chara spp. beds as the vegetated
areas in which we set our nets. Later in the season, high high-profile
vegetation was so lush in some areas that it was difficult to find non-vegetated
areas. Both situations could result in catches that might not support the
well-documented preference of fish for structured environments of the sort
provided by high profile vegetation (Brouha and von Geldern 1979; Prince and
Maughan 1979; Helf1an 1979; Paxton and Stevenson 197.9). The poorly defined
relationship between fish catch and vegetation in 1984 could be due to the
rate of development of vegetation in spring 1984, which was generally lower
and also varied more widely from location to location in 1984 than in 1983.
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Overall, after considering the above variability, we believe that vegetation
was related to abundance of three of the four common species inhabiting the
island shoals. Submersed vegetation was also the only underwater structure in
SCDRS, because the low gradient and navigation-related maintenance eliminate
structure such as boulders and snags common to other riverine systems. Thus
the submersed macrophyte beds are of considerable importance to fish production
in SCDRS.

CHARACTERIZATION OF SCORS HABITATS

Because of the number and variety of the data, a site-by-site treatment
of major taxa might facilitate impact analysis on a habitat basis. Table 51
shows a geographic breakdown of the dominant taxa of macrozoobenthos, submersed
macrophytes, and fish found in SCDRS. The benthic transect numbers I-XXI are
used as locators. With the following exceptions, sampling locations for fish
and macrophytes were also sampling locations (transects) for macrozoobenthos:
Transect XVIII at Point Hennepin, at the tip of Grosse Ile, was the macrozoobenthos
sampling location closest to the Mamajuda Island Shoals plant and fish sampling
locations: and transect XXI was several thousand feet upstream from the fish
and macrophyte location at Stony Island. Vegetation at each of the transects
was usually at the shallower, off-channel station, except at Stag Island,
where the benthic samples were taken at the head of the island in an area
devoid of plants.

Physical differences in the rivers can serve as a basis for this
characterization. The St. Clair River can be divided into four types of
shallow-water habitat (< 12 ft deep), each with a slightly different faunal
composition: the entraKce into the St. Clair River, the mainland shore in the
upper river, the shoreline along the delta islands, and the island shoals.
Transect I typifies the headwaters of the St. Clair River. In this area current
velocities are fairly high, the substrate is composed of sand, and macrophytes
are lacking. The fauna was composed of chironomids having special adaptations
(thin, streamlined bodies) for living in sand; planktonic copepods and cladocerans;
and the ubiquitous oligochaetes (Table 51). Biomass and density are low.

Transect II represents the only mainland littoral area sampled in the
upper St. Clair River. This narrow band between the shoreline and the 12-ft
depth contour has a mean width of about 170 ft. runs along both mainland
shorelines, and covers 1157 acres or 14% of the total area of the upper St. Clair
River. Sediments along this narrow band range from sand-silt in protected
areas and sand, gravel, or cohesive clays in plant beds along the shipping
channel. The texture of superficial sediments at any given site depends on
bed material and current velocity, which in turn is determined by river width
and channel configuration. The fauna at transect II is characterized by the
high standing stocks of net-spinning caddisflles (Table 51), which presumably
eat the seston coming from Lake Huron. Farther downstream the seston begins
to settle out and the net-spinners are replaced by collector-gatherers such as
amphipods and mayflies. Macrozoobenthos biomass along this band is high, probably
due to extensive beds of macrophytes dominated by Chara spp., Potamogeton spp.,
Vallisneria americana, and P. richardsonii. Schloesser and Manny (i982, 1984)
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estimated that the standing crop of submersed macrophytes along the mainland
shorelines is 60-160 g/m2 .

Transects III, IV, and V are associated with island shoals. Between the
shoreline and the 12-ft depth contour, these three island shoals, plus the St.
Clair Middle Ground and a small shoal just above Fawn Island, cover 429 acres
and represent 5% of the total surface area of the upper St. Clair River. Our
sampling over most of this area indicated that the percent coverage by
submersed macrophytes in this shallow water was about 60-70%. However, the
shoals at the head of Stag Island are devoid of plants, current velocities are
high, the substrate is gravel, and benthos standing crop is low. Plant
coverage over the rest of Stag Island is also low (20%), and where plants are
present standing crop is also low (< 100 g/m2). Although current velocities
are high at the head of Fawn and Russell islands, plants such as P. gramineus,
P. richardsonii, and Potamogeton spp. ring the outer edge of the shoas,an7d
these species along witfWhhara spp. cover almost 70% of the rest of the
shoals. Macrozoobenthos and plant biomass are high at both Fawn and Russell
islands (Table 51). Dominant taxa of macrozoobenthos, aquatic plants, and
fish are similar between sites. Seston concentrations are capable of
sustaining relatively high levels of caddisfltes in gravel substrates at Stag
Island, but not at Russell Island.

Transects VI - X are along the shoreline of the South Channel and St.
Clair Cutoff Channel in the St. Clair River delta area. A band of shallow
water extends an average of 374 ft from the shoreline to the 12-ft depth
contour along both the U.S. and Canadian sides of the river. This area covers
905 acres and represents 50% of the total surface area of this portion of the
river. Currents were low (< 1.0 ft/s) and sediments were dominated by
mixtures of silt and sand. Some of the highest biomass values for macrozoobenthos
were found at transects VI and VII (Table 51), but biomass and densities
declined dramatically along transects nearer to Lake St. Clair. Dominant
invertebrate groups were similar between transects, with only minor shifts in
order of abundance. High densities of Manayunkia appeared at transect VIII,
and oligochaetes replaced Hydra as the dominant taxon on this transect. Chara
spp. was the dominant plant on all transects (> 80% of samples) but P.
richardsonii was also common at transects VI and VII.

The benthic fauna at all areas sampled in the St. Clair River, except
transect I in Lake Huron, was usually dominated by H dra, oligochaetes,
chironomids, gastropods, amphipods, and mayflies. ens ties of Hydra were
usually highest in October at most transects; however, densities were high in
May at transects VI - VIII and X in 1983 but not in 1984. The depth distribution
of Hydra is also variable, densities usually being highest in deeper, near-channel
areas; n other areas (e.g., transect V) its density peaked in shallow water.
The presence of solid substrates such as vegetation or coarse gravel may
modify the distribution, regardless of depth. Sand,.gravel, and cohesive clay
are usually present where current velocities exceed 2 ft/s, and sand and silt
where velocities are less than 1 ft/s. Oligochaetes were most common in
shallow water in May, and chironomids were common in shallow water in May and
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October. Gastropods were most common in October; Amnicola dominated in
shallow water and Elimia in deeper water. Densities of amphipods were high in
shallow water and 'ganuarus was the dominant genus. Mayflies do not become
abundant until transect IV, perhaps reflecting pollution effects from Sarnia
at the head of the river. Hexagenia and Caenis were the most common genera
and were densest in the fal THexagenia was the more abundant in deepwater and
Caenis in shallow water. EphemereTa was also common, but distributed evenly
over all depths. The Trichoptera were dominated by Cheumatopsche and
Hydropsyche; densities were high only in the upper St. Clair River. Neither
genus showed trends in abundance related to water depth. Yellow perch, rock
bass, and hornyhead chubs were the dominant fishes except seasonally when
rainbow smelt occasionally were the most abundant.

Transects XI - XIII were located in Lake St. Clair in the deepest part of
the lake (> 12 ft). Sediments were uniformly fine in the silt-clay class.
Aquatic macrophytes were lacking, although sparse stands of Cladophora were
evident in October. Benthic invertebrates were not abundant, but biomass was
about equal to the system-wide average because the number of large Hexagenia
nymphs was high (Table 51). The dominant genus of clams was Pisidium, and the
dominant amphipod was Gammarus. Although substrate and current velocities
appeared to be uniform among the transects, there were considerable
differences in relative abundance of taxa other than oligochaetes.

Transects XIV - XV were in the headwaters of the Detroit River. These two
transects differed in substrate, aquatic macrophyte composition, and macrozoobenthos
composition (Table 51). Manayunkia was abundant at transect XIV but not abundant
at transect XV, and Pdra an caddisflies were more abundant at transect XV.
Current velocities were similar, but bed material was different at the two
locations. Subtle differences in substrate and the presence or absence of
Chara spp. and Vallisneria americana apparently influence the composition of
b-e-ntic invertebrates more strongly than do current velocities. Macrozoobenthos
densities were low but biomass values were near average for the system. Plant
biomass values were low, in the 20-90 g/mz range (Schloesser and Manny 1982).

About 18% of the 5,160 total surface acres of the upper Detroit River
overlie water less than 12 ft deep. These littoral areas include 272 acres
around Belle Isle; 159 acres in the Scott Middle Ground; 472 acres along both
shores, where the average width of the littoral band is 150 ft; and about 40
acres at the head of Fighting Island. Composition and density of fauna at
transects XVI and XVII are probably only representative of shoals in the vicinity
of Belle Isle. Our estimate of the biomass of aquatic macrophytes at Belle Isle
(106 g/m2 ) fell within the range measured by Schloesser and Manny (1982) in this
area in 1978; however, they found almost no plants along the narrow band of
shallow water along the U. S. mainland shore and only a few plants in areas
(Ambassador Bridge and above Fighting Island) along the Canadian shoreline below
Belle Isle. At transect XVI, the densities of macrozoobenthos were lower than
the average of 25,500/m 2 for the system, but the biomass was the highest recorded
in SCDRS in 1983-84. This high biomass was due in part to the large mussel
population in the Belle Isle area. Transect XVII was the only transect
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where Manayunkia was numerically dominant. Benthic copepods and ostracods
also were among the six most abundant taxa at the two Belle Isle transects.
The rock bass was the dominant fish species.

Transects XVIII - XXI in the lower Detroit River cover a variety of habitats
ranging from protected areas with fine, oil-contamlnanted sediments (XVIII) to
areas with high current velocities and bedrock substrate (XX). Of the
28,800-acre area of the lower Detroit River, about 82% is less than 12 ft deep.
Because of the complexity of the system this area was not divided into mainland,
island, or shoal areas. Plant blomass ranged from sparse at Point Hennepin
(73 g/m2) to dense at Stony Island (163 g/m2 ). Schloesser and Manny (1982)
reported a similar range of values, including high biomass (150-220 g/m2 ) on
the west side of Grosse Isle, around Celeron Island and the east side of
Fighting Island, and generally lower values (60-160 g/m2) in most other areas
of the river except along the U. S. mainland shoreline (where plants were
lacking). Vallisneria americana and Heteranthera dubia were the dominant taxa
in their collections and in ours. Biomass of macrozo-obenthos was low, and
dominated by oligochaetes--especially at transect XVIII. Snails, clams, and
chironomids were the only other taxa to develop relatively high populations in
the area. A variety of substrates were present but no pollution-sensitive
insect group developed sizable populations. However, there were small
populations of mayflies and caddisflies in areas with high current velocity
and rock substrate. Rock bass dominated the fish community at Belle Isle and
Point Hennepin, but the spottall shiner and two species of ictalurids were
dominant in the lower Detroit River.

Oligochaetes, chironomids and Hydra dominated the upper Detroit River and
oligochaetes, nematodes and nemertines---dominated the lower Detroit River.
Oligochaetes and nematodes were more common in shallow water in May, in contrast
to nemertines and Manayunkia, which were more abundant in October in deeper
water. Hydra was common only in May in 1983. Elimla, Amnicola, and Ferrisia
were the most common gastropod taxa. Pisidlum was the dominant pelecypod and
Hydropsyche and Cheumatopsyche were the dominant caddisfly taxa. Both Gammarus
and Hyalella were common amphipod taxa. Copepods were represented by benthic
harpacticoids rather than planktonic taxa.

Spring 1984 Ice Jam

The ice jam that stalled vessels and required ice breaking activity for 3
weeks in late April and early May 1984 provided us with a chance to evaluate a
potentially worst-case condition similar to one that mlqht develop under extended
season navigation. Macrozoobenthos populations appeared to be the most adversely
affected of the three groups studied. Densities of 10 taxa and total biomass
were lower in 1984 than in 1983 and most declines occurred in the St. Clair
River. However, most of the affected taxa had recovered by fall 1984 to levels
equally or exceeding those in fall 1983, and taxa that did not recover completely
reached densities that were within 30% of the fall 1983 values. It is not known
whether these declines were due to ice scour, lower temperature, or some other
factor or combination of factors. Maximum densities of the affected taxa were at
the inshore station, and most of the taxa could be categorized as living near
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the mud-water interface. Thus the decline could logically be attributed to
ice scour in the shallow areas. It would be difficult to ascertain whether
lower temperatures were involved, because organisms of each of the taxa have
different physiological responses and age structures. Whatever the cause,
most taxa that exhibited a seeming decline recovered to 1983 densities within
6 months.

The distribution and occurrence of aquatic macrophyte taxa changed little
between years. Maximum percent coverage of macrophyte beds varied little between
years and rivers. Development of beds in June was'delayed in 1984 in the St.
Clair River and at Belle Isle, but by September the beds were little different
ir 1984 than in 1983, at least through the upper two-thirds of SCDRS. There
were significant differences in biomass between years, but there were no consistent
differences between locations or months. Impacts on submersed macrophytes, other
than possibly delayed development due to lower temperature, could not be ascribed
to the ice jam.

Fish catches were usually lower in 1984, but this trend occurred in both
rivers and in most comparisons was not statistically significant. Lower catches
in 1984 may have been due to the effect of lower temperatures on development of
plant beds, general activity level, and seasonal migrations.

CONCLUSIONS AND RECOMMENDATIONS

This study was conducted to describe the present distribution and abundance
of macrozoobenthos, aquatic macrophytes, and juvenile fishes in SCDRS. We
believe that we have addressed this objective for the open water season on SCDRS
within the constraints imposed by our data, and that our study provides a baseline
data set that can be used to evaluate any future extension of the navigation
season. We do not believe that the results of our study can be used alone to
answer the question of whether increased winter vessel traffic will have a
measurable effect on SCORS. Such an evaluation would require minimally the
development of one or more realistic scenarios in which the potential effects
of vessel passage in the extended season on ice, water, and sediment movement
in the SCDRS was adquately characterized, so that the impact of these physical
changes on biota could be examined over the range of expected conditions. The
ice jam of April 1984 may have had an undefined effect, but we cannot show that
the ice jam was caused or exacerbated by navigation, or that the jam simulated
conditions that might occur from vessel operation in January or February.

The benthic, aquatic plant, and fish communities described here appear to
exist at the observed level of traffic without obvious ill effects from winter
ship traffic. However, winter vessel traffic has occurred in SCDRS for many
years and thus there is no truly unaffected baseline from which the effects of
winter navigation that may have already occurred can be empirically judged. It
has been postulated that increased shipping might amplify ice scour, turbulence,
flooding, and dewatering, which in turn could affect the density, location, and
behavior of biota in the system. It has also been postulated that the environmental

I.
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impacts of increasing winter shipping may be cumulative and take several years
to become readily observable. We believe that an evaluation of the potential
impacts of winter navigation on SCDRS would be facilitated by the development
of an energy flow model plus an age-structured fishery model. The Corps-funded
research on SCDRS has provided a substantial data base from which models of
these kinds might be developed. Additional data are needed on phytoplankton,
periphyton, and zooplankton standing crop and production, plus terrestrial
inputs to complete the energy budget. This information would permit quantification
of the simultaneous effects of all components according to their interrelationships
in the ecosystem, and would avoid the problem assotiated with a piecemeal evaluation
of individual components. Such models would be useful in partitioning impacts so
that rational remedial strategies and mitigation could be attempted.
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APPENDIX C

Density and Percent Frequency of Occurrence of Macrozoobenthos:
A Summary by Taxon, Year, and Location

Density (No./m) and percent frequency of occurrence (PCT) of macrozoobenthos
taxa from five locations in the SCDRS in May and October 1983 and 1984. The
upper St. Clair River location includes transects I - V; the lower St. Clair
River, VI - X; Lake St. Clair, XI - XIII; upper Detroit River, XIV - XVII; and
lower Detroit River, XVIII - XXI. The number of samples collected per year at
each location is given as n, and a dot (.) indicates zero occurrence.
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Appendix t;
Table 1. Density end Percent frquncy Of occurrence of mcrozoobethos taxa from five locations in the SCN$ in my

and October. 1983 and 1964.

Location

Upper St. Clair Lower St. Clair Upper Detroit Lower Detroit
River River Lake St. Clair River River

Taxon or item Year -o W-9O n-54 n-72 n-72

Density PCT Density PCT Density PCT Density PCT Density PCT

Ichthzmon
osso__ 194 0.92 10.0

Etheostoma 1963 0.29 4.2
. 1984 0.29 4.2

EtheostomatueM 198 0.23 3.3

Cottus bairdii 1983 0.46 6.7 0.23 3.3

Fish remains 1984 0.23 3.3

Fish eggs 1983 46.14 26.7 8.03 16.7
1964 2.30 20.0 2.58 20.8

Spongilla 1983 0.23 3.3 2.30 16.7
1994 0.23 3.3 1.38 13.3 3.16 16.7

Corylophora
aicu-strls 1964 . . 0.29 4.2

Hydra 1963 3624.91 6.7 6429.05 93.3 55.86 33.3 2524.82 95.8 885.51 66.7
1964 30490.49 86.7 21466.89 63.3 6.12 22.2 574.75 83.3 37.88 37.5

Rhabdocoela 1963 158.85 70.0 603.96 96.7 29.46 77.8 154.38 83.3 419.80 87.5
1984 71.85 43.3 122.35 70.0 33.29 94.4 70.30 58.3 306.17 79.2

Tricladida 1963 17.68 16.7 127.40 66.7 1.91 22.2 56.53 33.3 161.55 45.8
1964 28.24 50.0 56.24 43.3 4.97 50.0 45.05 70.8 170.73 62.5

Nemrtlnee 1963 69.56 66.7 80.57 80.0 1.91 16.7 276.61 91.7 641.89 95.8
1964 233.69 53.3 28.69 36.7 0.77 5.6 237.02 83.3 808.04 91.7

Tremtoda 193 0.29 4.2

Nematode 1963 532.80 86.7 1010.96 100.0 1293.93 100.0 1354.95 100.0 834.43 95.8

1984 287.86 80.0 525.22 100.0 1164.61 100.0 1205.74 100.0 1241.90 100.0

Bryozoa 1984 0.23 3.3 0.23 3.3 1.15 8.3 0.29 4.2

Hirudinea 1983 0.46 6.7

Erpobdellidae 1963 1.38 13.3 1.15 6.7 8.03 20.8 0.29 4.2
1964 2.96 23.3 0.69 3.3 5.16 25.0

1983 0.46 3.3 1.15 4.2
g1 M 0.46 3.3

GlossiphoiMidae 1963 0.86 12.b

lOSitphOia 1963 0.92 10.0
-102 iiii 1964 0.23 3.3 0.38 5.6

flostptia 193 1.15 6.7 1.43 8.3
ugci 19 0.23 3.3 1.15 12.5 0.57 4.2

molobdella 1963 0.46 6.7 2.07 6.7 4.59 44.4 1.43 12.5
m194 0.46 3.3 1.53 16.7 1.43 8.3

Nalobdlla 1963 0.46 3.3 0.46 3.3 7.65 38.9 1.72 12.5
iTU 1964 1.64 13.3 6.12 27.8 3.16 16.7

Holoobdlla 1963 0.23 3.3 0.23 3.3 2.30 8.3
frsera 14 a f s M 0.29 4.2

(CONTINUED)
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Location

Upper St. Clair Loer St. Clair Upper uetroit Lower Detroit
River River Lake St. Clair River River

Taxon or it"m Year neO n-90 in4 -72 n-72

Density PCT Density PCT Density PCT Donsi ty PCT DensIty PCT

ielabdete 1963 0.23 3.3 U.23 3.3

Actinobdella
i neutermulata 1964 0.23 3.3 0.29 4.2

Placobdlla 1963 0.71 11.1
montere 1984 0.38 5.6

Placobdlell
pap111 fera 1964 0.23 3.3

Batracobde1la 193 0.29 4.2
1984 0.23 3.3 0.29 4.2

Piscicolldae 1983 0.23 3.3 0.23 3.3
1984 0.92 3.3 0.23 3.3 0.36 5.6

Piscicola 1963 0.92 10.0 0.23 3.3 0.29 4.2
1984 0.69 6.7 0.92 10.0

Pisclcola 1983 0.46 6.7
mNeGrI- IM 0.46 3.3 0.46 3.3

Oigochaeta 1983 3291.83 90.0 5975.79 100.0 3627.36 100.0 3048.21 100.0 25742.36 100.0
1964 3927.47 80.0 4064.05 100.0 3979.73 100.0 3090.68 100.0 18195.15 100.0

Nais 1983 276.16 56.7 114.09 66.7 5.36 22.2 7.46 29.2 70.59 41.7
1984 637.42 43.3 161.35 43.3 16.93 25.0 426.40 58.3

Stylaria 1983 69.56 23.3 399.66 40.0 0.77 5.6 101.58 29.2 269.15 29.2
1984 986.63 36.7 97.32 43.3 0.38 5.6 92.97 25.0 605.74 37.5

ranchlura 1983 2.58 12.5
1964 1.15 4.2

Branchiura 1983 0.29 4.2
sowerbyl 1964 0.57 4.2

Spirosperm 1983 273.40 56.7 1189.10 86.7 55.09 77.8 347.20 95.8 951.51 100.0
1984 416.41 53.3 494.46 90.0 45.15 66.7 309.90 100.0 1038.74 95.8

5!pirosperme

rox 1983 44.07 3.3

Mppyunka 1983 8.49 46.7 1101.18 63.3 661.12 100.0 3635.87 95.8 2484.08 91.7
14 0.69 10.0 1117.25 50.0 957.63 100.0 1193.9 83.3 1106.46 70.8

Eycercus 1983 0.23 3.3 0.29 4.2
1i-T-itiis 1964 3.96 6.7 0.69 6.7 6.1i 16.7 1.15 4.2 1.72 12.5

Camptocercus 1983 4.59 4.z
1M 0.23 3.3 7.75 16./

Chydorus 19 0.23 3.3 0.38 5.6

Alone 1983 7.35 3.3 5.45 16.7
196 0.38 5.6

Side 1963 1.38 10.0 2.75 16.7 0.38 5.6 0.86 8.3 1.15 8.3
-rysta11im 1164 0.23 3.3 26.11 16.7 21.81 20.8

Diaphanosom 1963 0.23 3.3 0.29 4.2

oloef 193 1.15 16.7
M 76.21 50.0 160.46 50.6 77.67 50.6 0.66 8.3

(CONTINUED)
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Location

Upper St. Clair Lower St. Clair Upper Detroit Lower Detroit
River River Lake St. Clair River RiverTaxon or item Year R=9 "-ago n=S4 n-72 n=72

Unsity PCT ensity PCT Density PCT Densi ty PCT Density PCT

fW 1963 0.23 3.3
194 0.23 3.3

Dephnia 1963 1W7.45 90.0 48.44 70.0 6.89 55.6 20.09 45.6 7.46 37.5
1984 259.40 53.3 106.58 70.0 82.26 55.6 3.73 20.8 0.57 8.3

Depnia mlex 1963 1.61 10.0 2.07 13.3

"-- ue 1983 6.89 3.3 0.46 6.7

Daphnis alua 1963 0.46 6.7

PU~-ra 1963 0.92 10.0

Bosmina 1963 4.59 36.7 1.84 23.3 1.53 22.2 2.30 20.8 0.57 8.3
1964 148.06 46.7 97.10 50.0 1.53 5.6 3.73 25.0 6.60 29.2

Ilyocryptus 1983 7.35 13.3 51.88 40.0 62.75 38.9 2.01 12.5 13.49 20.8
1964 0.46 6.7 1.61 6.7 4.21 11.1 0.57 4.2 0.57 8.3

baijj 1984 0.38 5.6

Limnocalanus 1963 12.86 56.7 14.92 50.0 11.10 50.0 14.06 41.7 21.52 50.0
1984 10.79 40.0 41.09 50.0 19.51 44.4 12.34 41.7 25.54 45.8

o surs 1983 27.09 43.3 0.92 13.3 2.68 22.2 0.29 4.2 2.58 8.3
li-iiiiils 1964 28.69 26.7 11.02 36.7 0.77 11.1 0.29 4.2

Eurytemora 1983 4.59 4.2
1984 0.23 3.3 0.57 4.2

Diaptomus 1983 86.31 86.7 107.20 66.7 12.63 66.7 35.58 66.7 57.10 70.8
1984 208.44 96.7 119.37 90.0 21.04 44.4 92.68 62.5 63.13 54.2

Cyclopoididae 1983 3.21 30.0 2.98 16.7 4.21 27.8 1.72 4.2 2.30 16.7

1983 8.26 36.7 22.50 30.0 3.06 22.2 28.41 45.8 22.96 41.7
Iciiiibidetus 1984 37.42 66.7 9.41 46.7 6.89 22.2 21.23 33.3 24.10 50.0

Cyclops 1983 0.23 3.3 0.38 5.6 0.57 4.2
verI'Tis 1984 1.53 16.7 0.86 4.2 3.16 12.5

S 1socyclo9s 1983 0.23 3.3 0.23 3.3 2.30 22.2 0.86 12.S
194 2.53 13.3 0.46 6.7 0.38 5.6 9.47 8.3

Recrocycloos 1983 0.92 10.0 2.98 20.0 21.81 66.7 5.45 16.7 13.20 12.5
1984 4.13 6.7 27.16 44.4 0.86 12.5 34.43 8.3

Ecycloes 1964 
1.15 4.2 0.86 4.2

Peracyclops 1963 2.53 10.0 3.44 23.3 1.15 8.3 0.29 4.2
1984 6.20 6.7 4.59 4.2

Harpecticoide 1963 155.87 43.3 344.56 86.7 25S.19 100.0 371.31 58.3 13.77 29.2
1984 35.35 36.7 21.58 50.0 46.29 88.9 236.44 41.7 27.55 45.8

Unidentified 1963 0.23 3.3
nauplil 1984 0.23 3.3 0.29 4.2

Astacidat 1963 0.23 3.3 0.23 3.3
1964 0.5i 4.2

Orconectes 1963 0.23 3.3
1984 0.23 3.3

(CONTINED)
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tpper St. Clair Loar St. Clair Upper Detroit Lower DetroitRiver River Lake St. Clair River RiverTaxon or item Year -90 .- 90 n-S4 nr-12 R-72

Density PCT Density FCT Density PCT Density PCT Density PCT

Ostracoda 1983 59.00 50.0 92.51 63.3 84.SS 100.0 272.31 66.7 6.60 20.81984 60.60 40.0 67.26 43.3 148.06 100.0 1185.94 70.8 2.01 25.0
Gameridee 1963 0.29 4.2
Gamrus 1983 374.18 76.7 1186.60 100.0 634.34 100.0 217.79 58.3 44.19 66.71964 697.85 70.0 971.02 93.3 131.23 100.0 99.00 70.8 88.38 75.0

1ntoporeia 1983 20.66 33.3 11.71 40.0 0.29 4.2 0.29 4.2bjc 1964 4.59 6.7 0.23 3.3
Hyalella azteca 1983 31.91 73.3 320.00 76.7 83.21 33.3 30.42 37.51964 46.14 43.3 91.82 63.3 1.53 16.7 151.79 41.7 23.82 25.0
Asellus 1983 1.15 13.3 130.85 56.7 6.60 16.7 0.86 4.21984 0.69 10.0 26.63 30.0 0.38 5.6 16.93 20.8 5.45 8.3
Lirceus 193 0.46 3.3 6.89 23.3 6.03 8.31984 12.17 10.0 0.29 4.2
Terrestrial 1983 6.20 36.7 3.67 36.7 1.53 16.7 2.30 20.8 2.58 29.2insect 1984 11.71 56.7 12.17 46.7 1.91 22.2 3.73 41.7 1.43 16.7
Chironomidee 1983 1814.41 100.0 5520.12 100.0 791.97 100.0 1466.57 95.8 184.22 91.71984 1560.06 100.0 2085.51 100.0 667.62 100.0 1624.11 100.0 256.82 100.0
Ceratopogontdae 1983 1.84 13.3 44.07 73.3 0.38 5.6 37.59 45.8 42.75 29.21984 2.53 16.7 56.70 63.3 1.53 22.2 45.34 50.0 13.77 20.8
E.pildtae 1983 21.35 53.3 6.66 30.0 0.29 4.2 1.43 12.5

1964 18.59 56.7 4.13 33.3 0.57 8.3 1.43 20.8
Tipulidme 1983 0.23 3.3 0.29 4.2

Cheobors 193M.. 
0.57 8.31984 

0.29 4.2
Psychodde 1983 0.23 3.3 0.23 3.3 1.15 12.b1984 5.74 1 10.0 

3.44 8.3
Trichorythodes 1983 .0.29 4.2 0.29 4.21984 0.23 3.3 0.91.15 12.b
Ephemeroptera 1983 0.46 3.3 0.29 4.2
Caentis 1983 25.48 26.7 375.09 90.0 0.38 5.6 35.87 41.7 12.05 20.81984 128.09 53.3 322.30 83.3 1.53 22.2 22.38 33.3 16.07 20.8
8rachycercus 1964 

0.57 8.3

Nexagenia 1983 48.21 36.7 340.66 90.0 1288.57 100.0 66.28 58.3 6.03 41.71984 309.90 53.3 999.48 76.7 1131.71 100.0 72.02 58.3 5.74 33.3
Ephemerella 1983 46.14 30.0 21.12 33.3 0.38 5.6 1.43 8.31984 4.36 20.0 0.92 13.3 0.29 4.2

eetis 1963 0.69 10.0 0.86 4.2
Baettisca 1983 0.92 13.3 0.69 10.0 0.38 5.6 32.42 54.2 5.45 33.3

1984 6.66 13.3 11.02 20.0 32.42 54.2 6.31 29.2
Stenoame 1963 14.92 43.3 4.36 16.7 1.15 12.5

194 20.89 36.7 9.18 23.3 0.38 s.6 1.15 8.3
Brychius 1983 0.46 6.7
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Location

Upper St. Clair Lower St. Clair Upper Uetroit Lower Detroit
River River Lake St. Clair River RiverTaxon or item Year n-90 n-S4 n-72 n-72

Density PT Density PCT Density PCT Density PCT Density PCT

Dubirmphis 1963 2.30 16./ z./5 20.0
1964 14.00 23.3 0.23 3.3

Lepideptera 1963 4.36 10.0 3.44 23.3 2.01 12.5 2.58 20.8
1964 1.38 10.0 0.92 13.3 2.01 8.3 2.58 16.7

Pyrallte 1963 0.46 6.7
1964 0.29 4.2

BrechYcentrus 1983 7.12 30.0 30.07 33.3 0.29 4.2
1984 7.58 20.0 16.76 33.3

Nicreseme 1964 0.23 3.3 1.38 10.0

Protoptila 1983 8.03 16.7
1984 26.40 13.3 1.15 8.3

Polycentropodi-
dae .1983 0.23 3.3 0.69 3.3

PhYl-centropus 1983 2.87 16.7
1984 0.23 3.3 13.20 20.8

PolYcentropus 1983 0.23 3.3 21.81 30.0 0.57 4.2 5.45 20.81964 0.46 6.7 7.12 33.3 0.57 4.2 6.60 20.8
Neureclipsis 1983 9.41 20.0 25.94 33.3 1.15 8.3 15.21 20.81964 19.05 23.3 15.84 26.7 47.63 41./

Trichoptera 1984 0.23 3.3 0.29 4.2

Leptoceridae 1983 0.46 6.7

Oecetis 1983 22.73 40.0 43.16 60.0 46.68 83.3 13.49 25.0 5.74 20.81984 2.30 20.0 35.81 63.3 35.58 94.4 1b.49 41.7

Trisenodes 1983 2.30 6.7 2.98 33.31984 1.84 10.0 2.30 23.3 0.57 8.3 0.29 4.2
ftstacides 1983 3.67 26.7 13.31 40.0 0.38 5.6 0.29 4.2

1964 5.51 23.3 4.36 16.7

Setodes 1983 0.46 6.7 3.44 20.0 0.57 4.2
14 0.46 6.7 4.59 26.7 0.29 4.2

Ceracle 1983 4.59 36.7 10.33 43.3 2.01 20.8 0.86 8.31984 4.59 30.0 15.38 40.0 4.02 29.2 0.86 4.2
Nectopsyche 1983 0.46 6.7 3.21 23.3 0.29 4.2 0.57 4.2

1984 0.46 3.3 0.69 6.7 0.57 8.3

Hydrotilidae 1983 0.23 3.3
1964 0.23 3.3

HYdrotila 19813 0.92 10.0 7.46 20.8
1964 0.92 6.7 0.29 4.2 7.17 33.3

Orthotrichia 1963 0.23 3.3
1984 0.23 3.3 0.29 4.2 2.0i 16.7

Phranee 1964 0.23 3.3 .

Pvcnopsyche 1983 0.46 6.7 .

Nydropsychidee 1963 7.12 6.7 .

(CONTINUED)

(C~lmO

' r -



Location

Upper St. Clair Lower St. Clair Upper Detroit Lower Detroit
River River LaIm St. Clair River River

Taxoan or itom Year n-90 n-90 n-4 n-72 n-72

Density PCT Density PCT Density PCT Density P(T Density PCT

Chetmatoosyche 1963 94.81 60.0 22.bo 26.7 5.36 11.1 471.45 65.7 28.12 37.5
1964 130.39 63.3 20.66 36.7 927.69 83.3 41.61 50.0

Hydroosyche 1963 75.96 70.0 11.48 40.0 106.46 45.8 20.09 41.1
1964 140.26 66.7 32.37 26.7 307.32 66.7 46.20 54.2

Necrostema 1964 0.29 4.2

Potawta 1964 0.29 4.2

Corixidee 1963 0.46 6.7

Coenagrionidas 1963 0.92 13.3 4.02 20.8
1984 0.46 3.3 4.02 20.8

Gomphus 1983 0.92 10.0
1964 1.38 13.3 0.46 6.7 0.29 4.2

1983m, 0.23 3.3

Plecoptere 1963 1.15 10.0

1964 1.15 13.3

Perlodidee 1963 0.23 3.3 0.23 3.3

I sogenoides 193 0.23 3.3
1964 1.15 10.0

Acarina 1983 70-.93 73.3 19.51 80.0 17.60 100.0 28.9 83.3 43.33 66.7
194 64.51 73.3 26.63 73.3 5.74 66.7 24.10 66.7 96.99 70.8

Tardlgrada 1963 1.38 6.7 0.46 6.7 0.29 4.2 4.88 4.2
1964 6.89 8.3

Gastropoda 1983 0.23 3.3 0.29 4.2

Ferrista 1963 3.90 20.0 3.44 12.5 66.28 54.2
1984 55.55 16.7 2.30 12.5 298.14 62.b

Linaea 1983 8.26 30.0 2.01 4.2
1984 3.67 23.3 0.23 3.3

Physa 1983 75.06 53.3 129.93 80.0 0.38 5.6 24.39 33.3 24.10 45.8
1984 119.37 53.3 89.30 80.0 25.25 41.7 56.53 62.5

Helisana 1983 0.29 4.2

Gyraulus 1983 67.95 40.0 166.89 73.3 26.40 50.0 36.73 33.3 5.74 29.2
1984 14.23 26.7 80.57 66.7 29.46 50.0 66.57 37.5 49.35 33.3

Amicole 1983 566.77 66.7 771.77 90.0 38.26 77.8 186.80 87.5 88.38 79.2
1984 363.85 60.0 323.44 90.0 27.55 61.1 218.94 91.7 96.99 75.0

Bithtnia 1983 0.77 11.1 0.57 8.3 0.29 4.2
1m 0.86 8.3

1963 0.23 3.3suol 1o9u l 0.3i 5.i

Pleurocere 1963 2.30 6.7 0.23 3.3 4.59 22.2 7.75 41.7
cu "W - 1984 1.84 6.7 0.38 5.6 11.76 41.7 0.86 8.3

Elimia 1963 197.42 60.0 145.31 90.0 5.36 33.3 150.07 79.2 79.77 62.5
-Tcens 1964 236.67 53.3 104.45 63.3 9.56 61.1 191.10 79.2 51.06 79.2

(cOINTIUED)
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LOcatIon

Upper St. Clair Low? St. Clair Upper Uetroit Lower Detroit
River Rlver Lake St. Clair River River

faxon or item Year n-gO ..90 a-54 n-72 n-/2

Density PCT Density PI;T Density PCT Density PCT Density PCT

Valvata sincera 1981 U.92 10.0 1.38 6.7 1.15 8.3
1964 1.1 13.3 0.23 3.3 3.8i s.; u.29 4.2 0.29 4.2

Valvate 1963 138.88 16.7 20.89 bO.0 11.10 38.9 33.86 12.b 0.57 8.3
-Ir'iIFinata 1964 141.37 33.3 3.21 20.0 6.89 44.4 0.29 4.2

Cmelin 1. 0.29 4.2 0.86 8.3
194 0.23 3.3 0.38 5.6

Unionfdae 1983 0.69 10.0 1.15 16.7 5.45 37.5
1964 0.46 6.7 1.1b 13.3 0.77 11.1 7.17 50.0

_i 1984 0.38 5.6

Lapsilis 1984 0.23 3.3 0.38 S.6 1.15 12.5

•ap11s 1963 0.77 11.1 0.29 4.2 0.29 4.2

iTTt dea 1984 0.38 5.6 0.b7 8.3

isiis 1983 0.29 4.2
venTrliosa 1984 0.29 4.2

MRS 1963 0.38 5.6 0. Z9 4.2

Truncilla 1964 0.29 4.2

Truncilla
Io---c'rui s 1983 0.29 4.2

Truncilla 1983 0.9 4.2
trunCAa 1964 O.twb 4.2

Proptera &late 1963 0.29 4.2

- 1964 u. .. .. 38 5.6.

Elliptic 1963 u.t6 12.5

TFMTs 1964 0.29 4.2

Pleurobeia
COrdatl 1963 0.57 8.3

Ptyc~hobreanchus
YO-S C1- O4 |r&- 1904 0.29 4.2

Pisidium 1963 167.58 70.0 37z.aO 90.0 613.30 100.0 3b2.94 95.8 318.80 87.5
1964 269.04 70.u 226.34 90.0 729.60 1OU.0 382.78 100.0 248.21 bz.S

SoEae vi 1963 ll.uz J6.7 40.86 53.3 34.82 94.4 51.36 70.8 1.15 8.3
194 1.15 10.0 19.74 40.0 24.49 83.3 73.46 79.2 0.29 4.z
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APPENDIX D

Density and Total Biomass of Macrozoobenthos - A Summary
by Year, Month, Transect, and Station

The density (square root of no./m + 0.5) of 24 macrozoobenthos taxa and total
biomass (ash free dry weight in g/m2) are plotted in three different
arrangements: transects by year for May, transect by year for October, and
transect by station with months combined. These plots are part uf the ANOVA
results and should be used when interpreting main effect results in Tables 8
to 19 in the main body of the report.

Index

Figure Figure

H dra 1-3 Oecetis 40-42
NI Illaria 4-6 Caenis 43-45

Nemertinea 7-9 exaa'nia 46-48
Nematoda 10-12 Cheumtopsyche 49-51
Hirudinea 13-15 U 52-54
Oligochaeta 16-18 Acarina 55-57
Manayunkia 19-21 Sphaeriidae 58-60
arlpacticoida 22-24 Physa 61-63
Ostracoda 25-27 9 -lus 64-66
Isopoda 28-30 Amnicola 67-69
Gaimarus 31-33 U 70-72
E Iaella 34-36 Wai-oobenthos Biomass 73-75
Chironomidae 37-39
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FIG. 3
HYDRA DENSITY
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FIG 4 TURBELLARIA DENSITY
TRANSECT VS. YEAR VS. MAY
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FIG. 5
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FIG. 6
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FIG 7
NEMERTINEA DENSITY
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FIG 8
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FIG 9
NEMERTINEA DENSITY
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FIG. 10
NEMATODA DENSITY
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FIG 12
NEMATODA DENSITY
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FIG. 13
HIRUDINEA DENSITY
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FIG. 15
HIRUDINEA DENSITY

2.2 -
TRANSECT VS. STATON(DEPTH)

2.1

2

1.9
1.8

0 1.7

A 1.6
S 1.5

0
( 1.4.

S 1.3

z 1.2
w
iao- 1.1

0.8
0.71

1 3 5 7 9 11 13 15 17 19 21

TRANSECT
o OFF-CHANNEL + NEAR-CHANNEL CHANNEL

C p-.

_ mmnnnnn ri= num mmum nmm mm '-Im,



FIG 16 OLIGOCHAETA DENSITY
TRANSECT VS. YEAR VS. MAY
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FIG. 17 OLIGOCHAETA DENSITY
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FIG. 18
OLIGOCHAETA DENSITY
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FIG 19
MANAYUNKIA DENSITY
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FIG 21
MANAYUNKIA DENSITY
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FiG 22
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FIG 24 HALRPACTICOIDA DENSITY
TRANSECT VS. STATION(DEPTH-)
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FIG. 25 OSTRACODA DENSITY

TRANSECT VS. YEAR VS. MAY
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FIG 27 OSTRACODA DENSITY
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FIG 28ISOPODA DENSITY
a TRANSECT VS. YEAR VS. MAY
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FIG 30 ISOPODA DENSITY
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FG 31 GAMMARUS DENSITY
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FIG. 33
GAMMARUS DENSITY
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FIG 34 HYALELIA DENSITY
TRANSECT VS. YEAR VS. MAY
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FIG. 35 HYALELLA DENSITY
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FIG 36 HYALELLA DENS ITY
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FIG 37 CHIRONOMIDAE DENSITY

TRANSECT VS. YEAR VS. MAY
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FIG. 38
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FIG ~ CHIRONOMIDAE DENSITY
TRANSECT VS. STATION(DEPTH-)
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FIG 40 ECETIS DENSITY
TRANS ECT VS. YEAR VS. MAY
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FIG. 41 ECETIS DENSITY
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FIG 42
QECETIS DENSITY
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FIG 43 CAENIS DENSITY
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FIG 45 CAENIS DENSITY
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FIG. 46
HEXAGENIA DENSITY
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FIG 47
HEXAGENIA DENSITY
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FIG 48 HEXAGENIA DENSITY
TRANSECT VS. STAT1ON(DEPTH)
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FIG. 49
CHEUMATOPSYCHE DENSITY
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FIG 50
CHEUMATOPSYCHE DENSITY
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FIG~ 51
- CHEUMATOPSYCHE DENSITY
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FIG. 52 HYDROPSYCHE DENSITY
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FIG 54 HYDROPSYCHE DENSITY
TRANSECT VS. STATION(DEPTH)

6-

5-

0 4

La:

o 3
(,n

z 2

1 3 5 7 9 11 13 15 17 19 21

TRANSECT
n OFF-C. ,NNEL + NEAR-CHANNEL o CHANNEL



FIG. 55 ACARINA DENSITY
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FIG 57
ACARINA DENSITY
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FIG 58 SPHAERIIDAE DENSITY
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FIG 60
SPHAERIIDAE DENSITY
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FIG 61
PHYSA DENSITY
TRANSECT VS. YEAR VS. MAY
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FIG 63
PHYSA DENSITY
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FIG 64 GYRAULUS DENSITY
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FIG 65
GYRAULUS DENSITY
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FIG. 66GYRAULUS DENSITY
TRANSECT VS. STA11ON(DEPTH)
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FIG 67 AMNICOLA DENSITY
TRANSECT VS, YEAR VS. MAY
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FIG 68 ANICOIA DENSITY
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FIG 69
AMNICOLA DENSITY
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FIG 70 ELIMIA DENSITY
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FIG 71
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FG 72 ELIMIA DENSITY
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FIG. 73 MACROZOOBENTHOS BIOMASS
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FIG 74
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FIG 75MACROZOOBENTHOS BIOMASS
TRANSECT VS. STATION(DEPTH)
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APPENDIX E

Macrozoobenthos Ponar Grab Biomass Data
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APPENDIX F

Macrozoobenthos Physical Data
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Appendix G
ATable 1. Sumary of hydrographic data taken at macrobanthos sampling stations In the St. Clair-Detroit River system in May

and October, 1983 and 1984.

Mean current
Water Frequency of locity
depth occurrence of (ftlsec)

Transect Station (ft.) substrate type* Surface Bottom

1 1 6-10 **Sa(3),SiGr(I)*** 1.7(1.6-1.8) 1.1(1.0-1.3)
2 10-14 Sa(3),SaGrMI 1.601.4-1.7) 1.101.1-1.1)
3 15-17 Sa(4) 1.8(1.6-1.9) 1.3(0.9-1.9)

2 1 3-6 SaSi(3),SaGr(1) 0.7(.4-1.1) 0.6(0.1-1.0)
2 10-11 Si(1),GrCl(1),SaSi(1),Gr(I) 1.3(0.6-1.9) 1.0(0.&-1.4)
3 15-17 Gr(3),SaGr(1) 2.3(1.8-3.0) 1.9(l.2-2.71

3 1 6-7 SaGr(2),Gr(2) 1.8(0.6-2.4) 1.9(l.1-2.3)
2 13-14 Gr(3),SaGr(1) 2.0(0.2-3.1) 1.6(1.0-2.1)
3 17-20 Gr(3),CI(l) 2.1(1.7-2.7) 1.7(0.9-2.7)

4 1 3-5 SaSi(4) 1.1(0.9-1.2) 0.6(0.2-1.1)
2 10-13 SaSi(2),Sa(1)Si(1) 2.1(1.8-2.3) 1.1(0.3-1.8)
3 IF-17 Sa(2),SaSi(1),SiGr(1) 2.5(2.4-2.6) 2.0(1.2-2.8)

5 1 4-6 SaSi(3),Si(l) 1.4(0.8-2.2) 0.4(0.2-1.0)
2 9-10 SaSi(3),SaCl(1) 1.8(1.5-2.1) 1.0(0.2-1.6)
3 15-16 SaGr(2),Gr(2) 2.8(2.6-3.0) 1.8(0.9-2.6)

6 1 4 SaSi(4) 0.5(0.2-1.0) 0.3(0.0-1.0)
2 7-10 SaSi(4) 0.8(0.4-1.2) 0.6(0.2-1.0)
3 11-15 SaSi(3)Si(1) 1.2(0.7-1.4) 0.8(0.5-1.2)

7 1 5-7 SaSl(4) 0.6(0.5-0.7) 0.5(0.4-0.6)
2 10-11 SaSi(2),SiCl(1),OrDe(1) 1.4(0.7-2.4) 1.2(0.1-2.4)
3 16-20 C1(1),SiCl(1),SaCl(1),SaSI(1) 1.9(l.4-2.6) 1.2(1.1-1.3)

8 1 3-4 SaSi(2) Sic1(1),Cl(1 0.2(0.1-0.5) 0.2(0.1-0.5)
2 6-8 SaSi(3)i (1) 0.6(0.1-1.1) 0.3(0.0-0.61
3 13-15 SaSiM3,Si(1) 0.7(0.3-1.0) 0.410.0-0.8)

CONTINUED



Appendlx G 2
Table 1. Sumry of hydrographic data taken at iacrobanthos sampling stations in the St. Clair-Detroit River systam in May

and October, 1983 and 1984.

Mlean current
Water Frequency of velocity
depth Occurrence of (ft/sec)

Transect Station (ft .) substrate type* Surface Bottom

9 1 4-6 SaSi(2),Sa(2) 0.3(0.2-0.4) 0.2(0.0-0.4)
2 7-8 SaSi(3),Sa(1) 0.6(0.3-1.0) 0.4(0.2-0.6)
3 10-15 S (2),SaSi(1),Si(l) 0.4(0.3-0.8) 0.6(0.1-1.1)

10 2 7-8 Sa(4),ai2 0.4(0.2-0.7) 0.3(0.2-0.3)
2 - : S~()0.3(0.2:0.4) 0.2(0.1-0.3)

3 10-15 S&Si(4) 0.4(0.2-0.6) 0.3(0.1-0.6)

11 1 17-21 SiCi (4) 0.5(0.2:0.7) 0.2(0.0-0.5)2 20-23 S iCl (4) 0.2(0.2-0.3) 0.2(0.0-0.3~
3 24-27 SiCI(4) 0.2(0.2-0.3) 0.1(0.0-0.2)

12 1 20-22 SiC1(4) 0.2(0.2-0.3) 0.2(0.1-0.3)
2 20-23 SiCI(4) 0.3(0.2-0.3) 0.2(0.1-0.2)
3 25-27 SiCl(4) 0.2(0.1-0.3) nl.2(0.0-0.3)

13 1 20-21 SiCl(4) 0.6(0.3-1.0) 0.2(0.0-0.4)
2 20-23 SiCl(4) 0.4(0.3-0.5) 0.2(0.1-0.3)
3 25-28 SiCl(4) 0.5(0.3-0.9) 0.4(0.0-1.1)

14 1 6-8 Sa(2),SaGr(l),Gr(1) 0.8(0.7-1.0) 0.4(0.0-0.7)
2 10-11 Sa(2),SaSil1).Sa~r(l) 1.0(0.7-1.5) 0.7(0.4-1.0)
3 16-20 Sa(2).Si(1),SaSi(1) 1.2(0.5-1.5) 1.0(0.6-1.4)

15 1 6-8 SaCl(2),SaSil).SaGr(1) 0.7(0.4-1.1) 0.6(0.4-0.9)
2 10-11 SaCi(2) .SaSl(1),SaGr(1) 1.3(0.7-1.7) 0.7(0.4-0.9)
3 15-19 S Cl(2) .SaS (2) 1.6(l.0-2.0) 1.1(0.9-1.4)

16 1 6 Si(4) 0.1(0.1-0.1) 0.1(0.1-0.1)
2 7-11 Si(3),SiC](1) 0.2(0.1-0.4) 0.1(0.0-0.3)
3 15-18 SaSi(3),Si(1) 0.9(0.6-1.4) 0.8(0.5-1.3)

CONTINUED



Appn~
Tble 1. S=mry of NO" raphic data taken at acrobenthos sampling stations in the St. Clair-Detroit River system in May

n Otober,1 1 and 1984.

Klean current
Water Frequency of Valcit~
depth occurrence of tl

Transect Station (ft.) substrate type' Surface Bottom

17 1 9-10 SiM() SICI(I ,S&SI(l),SIer(1) 0.31(0.1:0.)0(.-01
2 11-12 Si (2)Sai(), 1 1.3(0.8-17).80-.2

3 16-20 SaSi()S 1:1 .aRl 1.4(1.3-1.61 0.8(0.7-1.0)

IS 15-7 I (4 0.4 0 :04) 0.2(0 1-0.4)
27-10 S1(4) 0.3(0.2-04) 0.3(0.1-0.6)

3 15-16 Si(3),SaSi(1) 019(0.7-1.01 0.4(0.2-0.7)

19 1 5-6 SiICl(),l()SASM() 0.4(0.3-0.51 0.1(0.0-0.2)
2 11-12 SaGr( 2),SaSi(i),6r(1) 0.7(0.S-0.9) 0.7(0.3-1.01
3 19-22 S&GrM() GrC (1) ,Gr(l) 1.3(0.7-1.9) 0.8(0.2-1.3)

20 1 4-6 Co(2),Si(1).Gr(l) 0.7(0.41.1) 0.4(D.2-0.7)
2 12-14 Si0H().BrClMl,SiGrM1)SeGr(1 1.7(1.4-2.2) 1.2(0.8-1.4)
3 17.23 Cl(), SaCl(1)S&SM(),SiGr( 1) 1.9(l.6-2.2) 1.3(0.7-1.71

21 1 8-10 SeSi(2)SiM1)Sacl(1) 0.8(0.5-1.2) 0.5(0.2-0.9)
2 11-20 Cl(1 S),I)SiCI(1)SaSi(1) 0.8(0.7-0.8) 0.4(0.3-0.5)
3 18-2S GrCl(2MCM l.SaSI(1 1.1(0.7-1.7) 0.8(0.5-1.3)

*Cl *clay, SIi * silty clay, Sac)* sandy clay, GrCl - gravely clay, Si - silt, SaSi -sandy silt, Sa sand, SiGr -silty
gravel, Sa~r - sandy gravel. Gr - gravel. Co -cobble, Or~e - organic debris.

Clay uvery cohesive and malleable fine sediments
Silt vunconsolidate fine sediments
Sand - 0.062 - 2 mmt
Gravel - 2-64 me
Cobme - 64um

***Frequency of occurrence, each station was samtpledi four times, twice In May and October.
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ANALYSIS OF VARIANCE TABLES
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ANALYSIS OF VARIANCE TABLES
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TS*ASOY£ARPCNTSTAT 4C 35.3515 2.2C c.CC

FM F R-SCLARE C. .

0.0CC! C.£1324! 14.5321
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ANALYSIS OF VARIANCE TABLES

ANALISIS CF ,AR[Ar.CE FRCCECLRE

CEFEICEKT VARIALE - eUGIl I

SCLRCE CF SUN OF SOLARES PEAK MCARE F VALLE

I.CCEL ;!I16l.114'W6C4 e.'.3eC5C5 6.68

ERpcp !CA 46S.6S'1tfet C.St3SS796

CCF9ECTEC MATL. 7!! 21c.sesi!!65

SCLACE E F ANa'.A SS F 'ALLE fo F

1RDINSECT 2c 4!C.!AfEi(!4 22.32 c.ccci
1EIR 1 5.Ce2!5 ~ 5.27 C.C221
7PINSECTOVEAR 2c q?.4I21!('.I d.E! C.CCCI
O'ChTi- I C.ff1EI!!c C.SC C.3432
TPIASEC?*11CAI1- 2 c E .eIqfE!13 4..4' C.CCC1
VEIROPCNTI' I e.7t27C'.7q 7.C2 C.CCe3
TRAlSECTOVEA040CMfl ;c 5C.fEfh442 1..1Jc C.CCCI
STATICh lc.q2l!E136 41.S1 c.ccci
10*KSECTOSTATICk. - -c AC !2.Il!!44 f.23 c.CCCi
',EIF*STTICK 2 A.!!W5C79 2.36 C.Cq51
1RIMSCOVEIP*STAT1CK fic !!c(q! [.!E C.C662
D.CF.11*STATICK ?.e664231 t.qC C.1512
IRDISECOIPNTI-OSTfTIC 4.C ;;.!cc4CC2! e.EI C.cocI
VEAR*PCA&7-*STATICN 24..192C415C 2.11 C.1148S
TO AS*V E AP *C.T I ST AT- .C ------ 1.33 4.45 C.COOi

FP F A-SCLARE C.%.

o.ccoi C.Ifeftl l1.!fE6

RCCT PSE eii PEAN

0.981E!!77 I.!l1 4 S27l

ANALMI5 CF 'ARtANCE FRCCECLFE

CEFEACEFNT-VARIIELE FUC-1I NM;A

SCILFCE Cr SLIA OF $CLARE! PEAK SCLARE F VAhLLE

OCCEL Z5I i45Cd.4z?16CCf 55.22e77952 20.01

EP;CR !C4 ;&Sq.f1I1I'4 4.*q5Sf4qz

CCOPECTEC TCT1L 75! 2?4.Cf.CS4E7c!C

SCIRCE CF ANOVA SS F VAhLLE F R F

IRINSECT ;c q!e2.177iECC St.41 c.cccI
NEIR I 411.CEC61633 E'.cs C.CCCI
IlatSECTOYEAR i 1 e12.Mf644! 16.26; C.COCI

PChT.I lS4..11E4.622 IS.LC C.CCCI
1ROtSECTOP0,T)' 21.1!42 12.e2 C.COCI
v E go NOAT I I 1c34.PSC11C4 2(6.t5 c.ccc1
IR:NSECTSVEAFP'PCNTI ic.!461 t3.44 C.CCCI
stric. I C47.256!2M 1c-.52 C.ccc1
IRSF.SECIASTATICK - 4c 4M12.7'12i 2c.17 C.CCCI
VEaRPSTATICh 5 .!!fizWs C.Se C.5714
IRDI.SEC*'wESPOSTDT ICN 4c 1ccS.M1e16ef *.Cq C.CCCI
PC&1I-OSTATICI, - - !e.f2f2S;1E - .11 C.CC3S

ORSASEC*PCNTPeSTATIC 4.C ;c~l.f4qcl43 IC.51 C.CCCI
~ER'CNN'TDIC~2 qq.4c6f1S16 IC.C2 C.COCI

I NJAS ovE a18*1ChT T AT -4c - 41.f431361f 4.24 C.COCI
FR F A-SCI.DR1 C.%.

0.0001 C.SCE1S1 31.Ee51

FCCT OISE ILC12 PEAK

2.22703052 t.SEES27Ef
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ANALYSIS OF VARIANCE TABLES

CIFEKCE&T-VARIAELE eUG13 a i - AANI FRAC OCCS

SCLOCE CF SLI' OF MOARES - PEAK SCLAPE F VADLUE

PCCEL 111a27.IMqC4si4 s.3l362313 1'..Sq

uPSEP SC' !2l.cL2e4S!!f C.(3f154C6

CCPPECTEC TCTAL 7!! 2d55.j5SjC44

SCLOCE CF ANO%* ss F VALLE FA F

TPANSECT 2c 13.45s2!511 17.9f C.CCC1
VEA5 I 2.1412ESC* 3.36 C.C672
13AASEC1'YEhP 2 13S.;C15fc',' I c.4; C.COCI
oChyI- 1 e.756144C! IC.!s C.CO12
13Dt.SECJ'PCNAI 2c Is.e4;ecf 1!.!C C.COC1
VEiRAochtlh- ----------- I .E2.'.16E432 541.sc C.Cccl
TPDF.SECTOYEAPPC1'I. 2cCC.C!tl;;c! 1.E4 C.COCI
SIRTICA 12.??4625 se.56 C.CocI
1090kSEC-4*STAT ICk. 4 'C. ?t!.ess*161! 14.33 C.Cccl
V6000STA1ICK 2.CICCC1II 1.f4 C.1555
TPAPSEC4YEAPOSTITICA 4C 13C.CEccIIE2 !.IC C.CCCI
OCb6ISTh&S1ICK -- --- - C.24722t4C - C.19 c. e24C
1PDP.SEC*PCRII*S7ATIC 4c ??C.S41t'C?2 12.%e C.CocI
VEftPChRT..STArlCA i !.?f4!2t;3 12.C4 C.Cccl
ILPANAS*pPCAT.STjT 4C - 16.12'66455- 4.6 C.Cocl

Fp F R-SCLAREC.

O.cooi C.alsc~s !2.IE37

PCCT PSE BLC.12 PEAK

0.79e84,545 1.!1343225

ANAL't515 CF VARIAN.CE PPCCECUPE

CfEEKtT VARIAELE EUG14 J E I

SCLPCE CF SLM OF MOARES FEAR. SCLAPE F VALLE

OCCEL ;!I f2e?.7siCi163 33.CC315152 32.72

EPFCP !C4 !Ce.?141E115 I.CCe6eC13

CCPPECTEC TCTAL 7!! EMS.We55142

SCLPCI CF ANOVSA SS F VALLE FR F

TPAASECT 2c 4ISC.?512E441 ?C7.71 C.COC1
VEDP I 45.tS461265 4S.21 C.CCC1
TRANSECf*'IIAP 2c ?22.3c4;22! Ie.C1 C.Cccl
PCILTO- I 148.5I6C4546 147.24 C.C001
TPAP.SECT'PkCNkI 2c G41.dttI4l!S 4f.66 C.Cool
VEDP'PCIh1. I .23.e3CSF114 23.e3 C.Cccl
TRAASECTOYEAR *0CRTI# 2 jIICI?6414f !4.54 C.COcc
STATICK . 2 C.95474111 C.'.7 C.6232
TI*P.SEC?*STITICI, 4C f2l.e4CM1 15.41 C.Ccc1
VEDP*StAT IC. i .CC141591 4.46 C.C1ZC
TOPFSECSVEAP4ISTATICK 4C 1S4.4!?S!421 W.2 C.Cccl
Pct.Wi*S1AT ICH 2 7.42!4CS54 3.68 C.C259
TPAP.SECOPChP1ISTATIC 4C '!!5.t4tIC4! E.82 C.Ccc1
VEAPOPCRIP*STATICK 2!.eC31!!C4 11.13 C.Cccl
7oAP.S*YEAP'PChT4STAT 4c 2E!.?S4lE42C ?.C? C.Cccl

PP F R-SCLARE C.%.

0.0001 C.S42179 3e.1575

PCC? I'll ELGl' PEAN

1.00433069 2.11165653
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CEFECEP VAIAEE EGI!ANALI~l$ 
CF .ARIAIKCE FRCCFCLE

SCLOCE CF SLI OF MOAME PEAS. SCLARE F VALUE

PCCEL i ~ 5.A45!34C 1.15312571 ?.35

-pc !C4 A1scs C.1e243e5O

CCFPECTeC TCT*L 7! 1"?!~

SCLPCE C F ANC'VA 15 F VA*LLE Fp F

YRsPSECT 2C 7d.155112Cf 23.44 C.Cccl
.ESF I 1.SAA4e7E S.11 C.CO22
lTiF.SECTOVESP -2C s.!?E(fcC 2.S4 C.CCCI

PI-l C.11!1!512 C.71 C.4CC2
IF 01SE CT 6CfI I- 2C IE.I131M5 !.E2 C.Ccc1
vEeppckTo IC.Cissfel C.47 C.4943
TRDASECTOVERSPICKTI. 2c C.2s't17Cc !.17 C.Coc1
STATICI. 21.2C2121A5 1!.2t C.CCC1
709*6SEC1.STATICk AC 5?.1523(4 14.37 C.CCC1
'EOPOSTATICA Z.TESSSEEc 1.51 C.COC2
TPAP.SEC*'EAR*STATICK 4C 15.454132S4 2.3e C.COCI
PC 1PTO, STAT ICA, -- C.!5i215S4 - 1.E? C.1626
TPJISEC4PCNTtA*STATlC 4C Z3.W42551; !.1t C.CCCI
vERFPCIhTIAOSTATtCK i 2.1(523131 t.4e C.C017
TP0AtS*Vf*R.PCPrTar. - 4C I 3.t145 151! -- 2.1c C.ccc2

Fa F R-SCLAtE C.'.

O.Cooa C.11!-14 ?S.!!!7

PCCT PSE *!C.15 PEAN

O.4C3OI&AC I.C1SA2S7E

AIkALISIS CF 'ARIAhCE FECCECLPE

CEFEACEAT VAIDELE IUMI foliLATCOICI-El

SCLOCE C F SLP OF SCLARES PEAk $CLARE F VA*LLE

PECEL 253 41?2d5q1s4M3 Ie.4697CS14 13.23

EPPCp !CA ti7.15'&2f!21 1.244433C7

CCPPECTEC TCTAL I!! Atc.C4425!!

SCLICE CF ANO'.A SE F VALLE FR F

IPANSECT 2C M1e12E tS.EC C.COc1
#ESP I IC.Fl!Csss1 F.73 C.C033
TPD~SlCT*e#fDP -.- ic 1!.4!lt27lA I.C! C.CCC1
PC,.TI. I I''.!4(!341C 115.35 C.COcc
TPOKSECTOPC&Tl- 2C f!2.eCfE'2l 34.2e C.CCCl
IEASPPKTI-- --- I I1.t2I54G24 - 12.55 C.COC4
IRDF.SECTOVEDAPCKTI- 2C 34.M4211(1 1.!S C.C593
sliDTIcI 4?.f2411114 17.t1 C.COCI
TOAA4ICTOSUICA, 4 - C - 4Cl.f543E53. .- e.23 C.COCI
VEIPSIATICK 2 1.!1!25!tc C !e C.9735
TRPtSECOVIAPOSTATICh 4C I5I.1345!SC 3.14 C.CCCI
OkCb3I.STAT 10----- . -- - 2.2M44!(5--- -. (.1 C.4031
IPM&ECOPChTPOSTATIC 4C 242.21C20HI 1.27 C.Cccl
VfAR*PCA"*-ST#TC Wk ?.41C;1!22 1.4C C.247C
*JSS4~fAPA9CT*STAT- -4AC M31.6111961- --- 1.63 C.CCCI

FR F P-SCI.*R4 C.V.

O.CCCI C.eee;? 7C.CC13

ACCT PSE eLGIf PEAN

1.11S54160 I.!5514C2!!

G-
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3l~Ch-~kAL U1 y-R-psvC G AN~A LSIS CF ARIAFKCE FACCECLOE

SCLOCE CF SI.M OF SCLARES PEAK SCL*RE F VALUE

OCCEL 2!1 z!2!.3C1E289C t.CUPS572 0.56

MPCAS !CA 3!.11slifiC C.ICssCCs9

CCPPICEC TCTAL 7!! IEE3.Cq9ia!11

SCLPCE CF A&4CA ss F VALLE PR F

IPSASECT iC 4C!.21aCI!S? 21.!. C.CccI
VEAF 1 IE.fC2c~c1I 2?.6l C.Cocl
IPANSECTs'tEAF 2- c 4l.i1lffci ?.35 C.Cccl

PI71 1 6.C!;CI'3! 115.11 C.Cocl
TPIF'SECTOC.?9. 2C 2C7.77feessi 14.*3 c.CCC1
VED5@PCKTI - I lc.?C31i12C .14.!7 C.CCC2
1PANSECTOVEAROMCTI 2C 7!.el14714 !.le C.CCCI
S7DTIC. !.C!1!q&!C 3.!5 C.C255
IPA&SECTOSTOTICF. 4 -- C i47.21111314 1.71 C.CCCl
VE5P$STATICK !.Ci64CE!f 3.!4 C.C297
TORASECOVEPSTTICK~ d.C 42.12(i221 1.4e C.C315
PCI161*STAY ICh- - - - 2 18.2'd.1388 12.65 C.CccI
YPA16SECOPCRTI-OSTATIC 4.C 213.4t~aECE 5.03 C.CCOI

~EP4CII4TDIC2 2.1ilicl4c 1.El C.Is1C
1PA16SGVIA0PC#h*ST#T-- .4C E5.2!;14591 .3.CC C.CCCI

FrI F R-SQUARE C.

C.Cco1 C.fCssss e4.C!71

FCCT PSE BLCII MEAN

O.8425!i9e 1.21!i(81

ANALI!IS CF %ARIAF.CE FPCCECLPE

CIFFI-EERT VAPISELE EUCIE IN

SCISCE CF SLV OF SCLARES PEAK~ SCLARE F VALUE

I-CCEL 2I 44E.CW22!3 1.7ES10734 3.78

EXXCR !.G4 237.qs3??(Fs C.47218916

CCISEC7EC TCTAL 1!! Ifle!81.2

SCLPCE CF ANOVA SS F VALLE FR F

TIAISECI ic lCd.285!42CS 11.Cd. C.Coc1
,,flo I c.CceeIicc C.CI C.SC45
Ye*kSICT4VEAP- **-a-c 17.ltFC.55- - -e 8- C.C113
PCATIl 1 C.ct4l!ft1 C.14. C.7113
?PII.SECTOPC.Ti1 2C 2?.9141114f? 2.56 C.Ccc1
VIDANLMT..- - -- --- I- 2.31CC7322 4.89-- C.C274
JoSe5CT$eE*PCVI- 2C !s.q(!22cfs 5.93 C.Cool
SITICK 4.qt214497 !.21 C.CCS
IJ&SEISSIAT ICh-- 4C - - 9.14111'IZ- !--. .25 -- C.COCI
VEAROSTA11CA a d.CS)3442d.8 4.25 C.C142
1PDI.SECOTEAPOSTDTICM 4.C !4.21451179 1.61 C.C022
PC~lh4StATICk.--..........-2.........73212-4!-- - 4C.1 C.CO2S
IIOKSECOPChTIOSTATIC d.C 44.4C1!53! 2.35S C.Ccc1
vEASPC1.TI'tSTAItCK 1 1.!14!1CSI 1.dC C.2022

FR F R-SCUARE C%

O.CCC1 !&e5!1I

oCCi OISE eLGIE PEAN

0.68716022 1.if2t1d.

6-1'3
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ANALI5 CF VARIANCE FRCCECLPE

CEPfkCFNE- VAN IILE. WUCIS EMj
SCLPCE CF M OF MQARES - PEAK~ $CLARE F VALUE

PCCEI, Z51 q7c.c??CCf~s 3.66467334 6.54

CCPPECTEE MCAL 1!! 12e7.@C!3tZ2C

SCLFCE CF ANO'WA ss F VALLE FP F

IPIUNSECT 2c 2s%.!SA2A1U1 2!.35 C.CCCl
VERP I C.CSISE C.1c C.7S38
TPM.ECTOVEA ;c .Cll22el !.cs C.CCCI

1, C !E-1?.172icet . el.22 C.Cool
TPSI.SEC14PCKTI ;C At.5W(c5 3.57 C.cocI
veopopcP.T,. I ii.qCC2AEI iC.?C C.Cccl
TPAASECT*VEIFPCATCNTD fc.s32I13!l !.It C.CCCI
ST1TIC1, E!.AA1ASC4! 72.31 C.Cccl
1RtI.SEC1SSTAT1CK 4C 7.S2~tiA4 6.66 C.CCC1
lEAP*STATICN ?.Ct;!IIS 1.75 C.1756
7081-SECOVERPASITIC. AC f?.q2!C253E ?.!5 C.COCI
ACATI.*STTICK - C.IfE2jC4S F.tl c.ccc2
1ANSECOPCI-ISTITIC 4C . 'il 3.1c C.cccI
VERP41C0-TI'STATlCh S .,e!141E!7 (.3'. C.CCC3
I9ASVEP'PCh.T*STAT 4C '.5.777523 2.11 C.CCCI

FP F A-SCLARE C.V.

C.Ccol C.7e!12S 57.1572

PCCT PSE e(iC P5 EAK

0.768b4439 1dAA47scle

ANALV!IS CF VARIAN~CE PPCCECLPE

CEPEPCEP. VIPIIELE eu5C j~LL

SCLOC C F SLPI CF M~ARES PEAK SCLARE F VASLLE

I'CCEL 2!1 m5.im~ei~c ?.S537CMe7 6.15

Eppcp ! C4. ?24.C1425121 C.t42EESSC

CCOPECTEC TCTSL 7!! UE.51S~

scLPCf C F ANOVA SS F VALLE PR F

IPMhECT 2C 122713 14.17 C.CCCI
Eop I I.!Si4*2l2 2.4e C.1161

TpDAsEcT*vfAp--- -.- ;C 41..4ti ?.24. C.CccI
N*CFlb I 2!.42E2lCqS 35.!5 C.cccl
1RAF.ECTOPC.Tf ;C'A15 4.?24 C.CocC
VESPOP0bI.- ---- .- I - Z.41C?!37 ?.75 C.C53.
TPIISfCI.VEA*PLkh ;C 45!l~e '.3'. C.COCl
S1171CA 114.42(951!3 ef.55 C.cOQ
1MAkSvlTSTATzC-.----AC-- 143.1Cst12'1 1.34 C.CCCL
,f(lPoSIDT3CK C.1452tici Cd&t C.517C
TPIASECOV1IP*STATICK AC 1C3.e12!fl15 4.C0 C.CCCI

PC~l*SATCA-- -- -. i.-.....15.57'.(!411 - 12.42? CAMOC
TPANSIC410CATh4STATIC AC 122.61I'.153e 4.11 c.cCCC
VEAROPCKTI-OSTATICK 2 .1!fe1454 !.?3 C.Ccsi
IPA&S*Vf*S'PCNT4ST#T - C ICl.;2(IC(. ?.5'. C.cCCC

p F A-SCLARE C .%.

0.0001 C.753(E6 tl.1!7c

occy PSE eLC2C PEAK

0.601001'.1 I.i!151'21
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ANALYwSIS CF 'ARIAKCE PRCCECLRE

Ct8IKEkTN~.vAstAFE eUC21 OL

SCLPC E CF SLM OF SOLARES PEANv SCLARE F VALUE

I-CCEL 2!1 '1:8.S4265MC IE.eeSCS438 9.68

!RCRCA 572.lC!!214? 1.52o7ece1

:rCPCTEC TCTIL 7!! _!E!.C'8211!C

SCLRCE CF ANO'vA 55 F 'ALLE FO F

TRIP-SECT ;c 168A.S7AAf~j2 "3.1:8 C.CCC1
YEAR I ?5.2!C471C 18.28 C.COCI
IRAI'SECTA'VfAp 2C 311.1!6712! 8.07 C.Cocl

PPf 11.2453I15 !.83 C.C161
TOOPSECTOCTI- 2C 15!.'i41:3AA S.C7 C.CCCI
VEPA*? ChTl. I t.?31 ~q:A ?.27 C.C71C
TMAASECT.YEAP*PChT ;C Z27.2712''zI t.15 C.CCoI
ST071CK 2 4C!.2SA8$8C! IC!.Cl C.CCCI
TPAPSECT*STATICh 4C JJ2.2!lq);!4 14.71 C.CCCI
VEOPOSTIIICKv 12.eCCqff2? 3.27 C.C38q
TPAPSECSY64POSTATICK 4C 2fe.CEEE4C51 3.71 C.Coc1
-PC P, o' ST AT ICh .'5C1 C.SC C.4079
TPANSECOPICIMT..STATIC 4C 214.AE6M44'1 2.1E C.CCC1
vEIP*PCP,TJ.'STATICh 1 1.4M15 2.Sd C.C528
7RAhS*VEAR*P'ChT*STAT 4C M3.6ASf3Ctz 1.76 C.C03S

Fo F R-SCLARE C

O.0COI C.E;E1s1 !C.24(4

ACCT PSE ELG21 PEAN

1.38ecssi 2.i1:4321C

ANALYvSIS CF 'ARIANkCE FPCCECIRE

CEFEfCENT VAPIOELE EUC22

SCLPCE EF SLIP OF SCIARES - PEAA, SCLARE F VALUE

PCEEL ;5 C23.35fi!22S E.C6134164 9.26

EmoCP !C' A38.eAi1ici1 C.F7C32CE5

CCFPECTEC TCTAL 7!! '82.CEAI2At

SCLPCE CF ANC'oA !S F 'ALLE FR F

IPA04SECT 2C 712.51ce!AC1 AC.qe C.CocI
YEAR 1 I.CC11A1SS 1.15 C.2e4C
IRAlSECT'rEP-- --- C t4.CA76Ci4! !.6e8 C.CCCI
PC?.TI. I 2C.4!3Ce2t2 23.!C C.COC1
70APSECT*PCT. 2C 149.12161ES7 e.92 C.Cocl
v6iR.pckT,.----- - - -I I.E8iCCCI 1- C.12 C.CCI6
TPAPSECTVVEAPOPCNTI 2C Ile.71!7I11A 8.82 C.CCCI
SIATIEF. 2e.il!c!C8 1!.23 C.CCCI
IRAONSECTSSTATICK..... 4C !ee.17!2CCSE 16 32 C.Cocl~8AiSS~it.2 .CIAIAI3 4.C3 C.C104
TPA14SEC*'VEAPSSTATICN 4C St.CCECES27 2.82 C.CCCI
lRCl671,STA7uCP,--- _. _. ; - 2.A8?;;S 1.43 C.2411
7PAhSECOPChTI-OSTATIC 4C is.es185?A5 2.88 c.Ccc
VEOPOPCKTI.4STATICN 2 e.2!lf2(f7 4.74 C.C091

TUNSARPNT$TT -4 C - 3.E8A3 3.q C.CCCI
FR F R-SCUARE C.',.

O.CCOl C.82i838 !C.!1C1

RCCT Ilse eLcii PEAK,

O.9129C988 I.E4W;72C
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AfALIS1! CF VARIANCE FRCCECLPE

:EFfEWNT-V~AfRR EUC21 1~~lA - -

SCLFCE CF SLP OF SCLARS PEAK. SCLARE F VOLUE

bCCEL 2!1 3e2*.-l4f4E~7 14.43597eS4 7.07

:09CP S C4 S24.1scq?441 l.e3371217

:CPPECTEC MATL 4!4e.fl!!41Cf

*CLPCE CF ANOVA SS F 'VALLE FR F

tPANbSECT ic I~'!q5 3C.s1 C.CCCl
VEFI 2.si5le15I 1.!f C.2C9?

IPARSECTOVEAR .C A j'4.95?tC1 6.68o C.COcI
&CI.TI. I 11.1istitEc (.Ce C.CI'.Z
tPMECT9.CTI, ;c 213.f!7'.c2ef -!.E3 C.CocI
VEDr-*'CthTV I fC.fq12riSef 44.11 C.CCCI
FPRA.SEC7'VEOPOPCKTI- iC 171.?2!4eE! 4.e4. C.CCC1
STITICh 1!.C1669C4! 2(.4! C.CCC1
f9ANISEC1'S1ATICIL -.- C 1c4s.fiff11 14.i1 C.Cccl
YEAPOSTATICK 1.4e!'.6111 2.C4 C.1317
FP0ASEC4Vf0#4STlTlCK 4C l'Ef.e273.43 2.C3 C.CCC3
P-CATI-OST8TICh. i lC.7?!2Z21 2.53 C.C545
116F.SECOPOIt1STATIC 4C 271M!11C !.24 C.Ccc1
VEAF4PCITt *STITICK. i ii.E32151l S.Z3 C.CccI
XPAIRSOVE5R.tChTsSTAT- . 'C 1 1.2Ck'Mee - -2.fl C.CccI

FR F A-SCUARE ..

0.CCCI C.1see~C 3E.eCil

ACCT PSE BLC-23 I'EAN

1.35414629 ?.!osseI?

ANALVSIS CF VARIAIKCE PACCECIPE
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APPENDIX K

Submersed Macrophyte Grapnel Data - A Summary

Composition and frequency of occurrence (six dates) of submersed plants,
biomass of plants per haul, and physical data from measurements associated
with the sampling grid at the six islands or shoals. Potamogeton spp. are the
narrow-leaf forms of the genus.
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Appendix K
Table 1. Composition and abundance of submersed macrophytes and physical data from measurements associated with

the sampling grid at Stag Island. Means are based on six sampling dates in June, July-August and
September, 1983 and 1964.

Taxon Mean Mean light Mean current velocity
Grid comosition Mean plant weight depth transmission

intersection (frequency) (g/30 ft. haul) (ft.) M%) rurace Bottom

1 No plants 0 25 44 3.0 2.7

2 No plants 0 14 56 2.8 2.3

3 No plants 0 34 41 2.7 2.5

4 No plants 0 14 52 2.8 2.6

5 No plants 0 11 62 2.8 2.4

6 No plants 0 30 43 2.8 2.6

7 No plants 0 13 54 2.4 2.0

8 No plants 0 6 63 2.6 2.2

9 No plants 0 27 37

10 No plants 0 12 50 2.2 1.9

11 Chara (1) Tr 3 86 1.6 1.5

12 Chara (1) Tr 18 45 2.3 2.1

13 Chara (4) 1117 8 62 1.2 0.7L o~ (3)

(3)

Nttella((1P.ricardsonil (1)

14 Chara (3) 668 3 73 0.6 0.4
P.-garamtneus (3)
WToTa (1)

Vane aus (1)IF. R-'a-ra~sonit (1)
s y t t n pp . (1)

15 No plants 0 26 41 2.7 2.4

16 Potamogeton spp. (2) 20 17 42 2.4 2.2
Chara T
IT Mela (1)
_. __!graineus (1)

17 P. richardsonit (4) 730 16 24 0.9 0.41yot-amogon spp. (4)
Elodlea (3)

5 h llI u (2)
Nitella (z)

18 Chara (5) 74 3 82 0.4 0.3lP-.cts s (1)
P. ErcA sonit (1)

ot ton spp. (1)
PM zotri fomis (1)

19 Chara (1) 1 23 41 2.4 2.0
Pormoqeton spp. (1)

CONTINUED

I.

,k-2.



Appandix K
Table 1. Composition and abundance of submersed macrophytes and physical data from measurements associated with

the sampling grid at Stag Island. Means are based on six sampling dates in June, July-August and
September, 1963 and 1984.

Taxon Mean Mean light Mean current velocity
Grid composition Mean plant weight depth transmission (ft./s)

intersection frequenc) (g/30 ft. haul) (ft.) (Z) Surface

20 P. richardsonli (4) 201 13 42 1.1 0.6rhara (3)

E-WH (3)
.eton spp. (2)

P. s (1)

21 Chara (6) 106 4 70 0.6 0.5
fl''-a (3)
P. pramineus (3)
P. rlopdsuonii (3)

Roton spp. (1)

iatW|nra (1)

22 No plants 0 32 36 3.1 2.8

23 Chara (3)
Vo-fa-mooeton spp. (3) 44 12 42 1.6 1.1
t. gram neus (2)

24 No plants 0 32 41 3.4 3.0

25 Chaera (4) 16 4 68 1.7 1.2
. praLneus (1)

26 No plants 0 33 50 3.4 3.2

E)

j(



Appendix K
Table 2. Composition and abundance of submersed macrophytes and physical data from measurements associated with

the sampling grid at Fawn Island. Means are based on six sampling dates in June. July-August and
Septmbr. 1983 and 1984.

Talon Mean Mean light Mean current velocity
Grid Cmpstn mean patwigh det transmission (t/

intersection (frequeac) (S130 fst. haul) (ft) (11) uace bto

1 Chara (2) 29 18 18 2.3 !.6
. rMl-nfts (1)

2 P n o spp. (5) 71 16 35 2.1 1.4

. raminau ( 2)

P.~e ri 1)aruoni 1 (2)

3 Chara (5) 33 16 24 2.3 1.6
vo-ajogton spp. (2)

4 Ptmgton spp. (4) 116 12 42 2.0 1.1

P. gramneus (2)

5 Chara (2) 1 26 22 2.0 1.6

6 haa()1123 10 31 0.9 0.7

- rminps (4)
floea 1)
Mg!Izeton spp. (1)

7 P. grmnu (5) 288 9 39 1.7 0.8
Chars (4)

- r r sonii (1)

8 N~o plants 0 28 29 2.3 1.7

9 Chara (3) 416 19 28 2.0 1.5
fEua (1)

et1i~iIon sip (1)

10 Chara (6) 23 5 64 1.4 0.9
!-r tnspp. (2)

!: gi~eus (1)

11 Chars (6) 34 5 56 1,4 0.8
ElOdea ( 1)
F. _EE~neus (1)
IF. icharidssonii (1)
!. zo~steriorms (1)

12 rio plants 0 27 25 2.8 2.4

13 Chara (5)
P. pramlneus (4) 46 8 63 1.2 0.7

14 Chara (6) 30 3 77 0.9 0.7
P. gramineus (1)
P. narr-M~)

15 Chara (6) 13 4 76 1.5 1.0
PRometon spp. (1)

16 rio plants 0 34 16 2.9 2.4

CONTINUED
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Appendix K
Table 2. Composition and abundance of submersed macrophytes and physical data from measurements associated with

the sampli ngrid at Fawn Island. Means are based on six sampling dates in June, July-August and
September.1983 and 1964.

Taxon Mean Mean light Mean current velocity
Grid composition Mean plant weght depth transmission (ft./

intersection (frequency) ( P30 ft. _aul) (ft.) (S) Surface iottou

17 P. gramtneus (3) 92 16 29 1.3 1.0
v - spp. (2)
Chera (1)

IIETa (1)

Iopst s (1). zosterformlS (1)

1s Char& (5) 48 3 59 0.8 0.6
V. Cgram(us) (3)

19 No plants 0 32 26 2.9 2.4

20 Char& (6) 264 4 60 0.8 0.5F."gramineus (4)

P. ~r-To--rnii (2)

!UR (1)

v o n (



Appendix K
Table 3. Composition and abundance of submersed macrophytes and physical data from measurements associated with

the sampling grid at Russell Island. Means are based on six sampling dates in June. July-August andC September, 1983 and 1984.

Taxon Mean Mean light Mean current velocity
Grid composition Mean plant weight depth transmission (ft./s)

intersection (frequency) (g/30 ft. haul) (ft.) (%) Surface Bottom

I No plants 0 31 29 3.1 2.4

2 Chara (1)
S.--Imineus (1) 23 22 24 2.8 2.0
' o n-spp. (1)

3 P spp. (2) 17 23 20 2.3 1.8

4 No plants 0 41 24 3.1 2.6

4 No plants 0 31 16 3.0 2.6

6 P spp. (3) 725 11 25 2.1 1.4Chars 12)

_7--Tchardsonii (1)

7 P. gramineus (6) 508 7 30 1.9 1.1ha ra--(5)-
Pof-mgeton spp. (3')

a No plants 0 33 36 2.4 2.1

9 Chara (1) 20 28 18 2.8 2.1
L -oa (1)

10 Chara (5) 269 6 36 1.2 0.5
Y-1eMneus (4)Votam-----n-spp. (2)
~7Elo doii(1

11 Chara (6) 27 4 62 1.6 0.7
].-gramneus (3)

12 Chara (6) 14 5 47 1.5 0.8

j.-EMineus (3)

13 No plants 0 36 21 2.4 2.1

14 Chara (3) 99 17 33 2.2 1.8
P.-gamineus (2)
7ot ami"i- To--spp. (1)

C
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Appendix K
Table 4. Composition and abundance of submersed eacrophytes and physical data from measurements associated withthe sampling grid at Belle Isle. Means are based on six sapling dates in June, July-August, andSeptember, 1913 and 1984.

Taxon Mean mean light Mean current velocityGrid C ositton "ean Plant wight depth transmission . (ft./s)Intersection (frequency) (,/30 ft. haul) (ft.) (%) Surface om
1 Vallisneria (4) 882 7 19 0.8 0.4

(2))

Flo (T1
P. teriforuis (1)

2 Chara (1) 17 11 8 1.8 1.1
sp. (1)

3 P. crispus (4) 142 8 18 0.6 0.5
ValTi-sn-erfa (3)
(;hara (Z)

nii 2)

V. zosteriformus (2)

4 No plants 0 22 3 2.5 1.8
5 No plants 0 15 4 2.6 1.9
6 No plants 0 34 2 2.8 2.4
7 Chara (4) 871 6 34 0.2 0.1

,. cispus (4)
Valsnera (4)

spp. (3)
nii (2)

Elodea (1)

8 No plants 0 21 2 2.3 1.6
9 No plants 0 34 2 2.9 2.5

10 Char& (4) 27 7 36 0.4 0.3
7--VTchardsonii (4)
lpotg eton spp. (3)

P. zosterfomis (1)

11 No plants 0 36 2 2.9 2.5
12 Vallisnerla (4) 58 10 6 1.5 1.1

14 ~~Chara (318 6 .

F.7-Tchardsonii (2)

e osis(1)
P. gramineus (1)
Plotaimqftonspp. (1)
VPZiOijferormis (1)

13 No plants 0o3 2 2.9 2.4
14 Chara (6) 88 3 69 0.2 0.1

Nit sis (3)
__________M (2)
uqyriopFYlUM (1)

CON71NUED
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Apendix K
Table 4. Composition and abundance of submersed mcrophytes and physical data from measurements associated with

the sampling grid at Belle Isle. Means are based on six sampling dates in June, July-August, and
September. 1983 and 1934.

Taxon Plean Mean light Mean current velocity
Grid composition Mean plant weght depth transmission t./s)

intersection (frequency) (p130 ft. haul) (ft.) () Surace Bottom

I5 Chara (6) 157 3 49 0.2 0.1
r- llre (5)

Vai snera (51Nlteloss (4)

a as
UTta la 1)
l.zosteriformis (1)

16 Chara (6) 265 4 37 0.3 0.2
a TTsneria (6)

elosis (4)

Elodea (3)
T. uiineus (1)

Mrpuspp. (1)
_ ~tjformis 1Pzos erlfm

17 Chara (6) 246 3 57 0.2 0.2
NJi (3)

rt ophyllum (2)

VTTjiTi(2)
P. -paleu s (1)

18 Chara (6) 621 10 10 0.7 0.5
lP7chardsonii (4)Va11isneria (4)

Foaoeton $pp. (3)

P. zosferfomis (3)
Witell opss (23
P. r neus (2)
UrTTa (1)
P. cri ss (1)

19 Mo plants 0 32 2 2.7 2.3
20 No plants 0 22 4 1.2 1.0

21 Mo plants 0 20 3 1.2 1.1
22 No plants 0 22 2 1.6 1.3

23 No plants 0 30 2 1.9 1.5

24 No plants 0 34 2 2.7 2.2

K- 7



Appendix K
Table 5. Composition and abundance of submersed macrophytes and physical data from measurnts associated with

the sampling grid at Point Hennepin. Means are based on six sapling dates in June. July-August, and
September. 1983 and 1984.

Taxon Mean Mean light Mean current veloctty
Grid composition Mean plant weight depth transmission (ft./s)

intersection (frequency) (p130 ft. hu) (ft. ( Surface Botom

1 No plants 0 33 4 1.0 0.8

2 Pot eton spp (6) 826 6 22 0.3 0.1
Va snera ( )

3 No plants 0 33 4 1.0 0.7

4 P n sp). (4) 920 6 19 0.2 0.1
P. cris~~s (1)

5 P. richardsonii (2) 51 19 11 1.4 1.1
Val isneria IZ)

6 Potamogeton spp. (2) 42 18 1 0.8 0.4
Ritel1a (1)

Va-li'neria (1)

7t eto spp. (4) 917 6 19 0.3 0.1

Ranunculus (1)

8 Vallisneria (2) 2 18 11 1.7 1.2
tageton spp. (1)P.rcadontt (1)

9 No plants 0 31 7 1.2 0.7

10 Vallisneria (5) 182 7 18 0.2 0.1
Potamogeton spp. (2)
Charaf(]
T ]Ta (1)
NiFellopsis (1)

11 Vallfsneria (4) 581 6 20 0.4 0.2
Chara (3)
oTa-mooeton spp. (3)
Elodea (2)

12 P. richardsonii (2) 106 21 16 1.7 1.0
Vallisneria (2)
P. zosteriformis (1)

13 No plants 0 29 9 1.3 0.8

14 Vallsneria (4) 198 7 28 0.2 0.1
Potamogeton spp. (2)
Chara (1)

e- -ranthera (1)
Nttella (1)
litllopsls (1)

15 Chara (4) 163 6 28 0.4 0.2
VaTTfsneria (4)
Ritella (Z)
5 7e spp. (2)

(1)
f. crsu (1)

16 Vallisneria (2) 92 18 15 1.2 0.6
Chara (1)
lvyijtneus (1)
E. zosteriform s

17 No plants 0 28 L 1.0 0.6

CONTINUED
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Apnix K
Tal . Composition and abundance of submersed macrophytes and physical data from measurements associated with

the sampling grid at Point Hennepin. Mans are based on six sampling dates in June. July-August, and3 September. 1983 and 1984.

Taxon Rean Mean light Mean current velocity
Grid Cmpstn Men pln eigh det transmis Sion f.s

intersection (frequen) "(g/3 ft. haul) (ft.)j (2) auMce Bot om

18 Vallisneria (4) 120 7 26 0.2 0.2

Ni4ell (1)
v3!Gi~eton spp. (1)

19 Chara (5), 169 6 34 0.2 0.1

0 spp. (2)

P. richardsonii (1)

20 P. richardsonii (1) 19 22 13 1.1 0.7
a Tlinerla (1

21 Mo plants 0 28 6 1.2 0.8

22 alinra(4) 174 7 23 0.3 0.2

leratea(1)
P.rchrsoi (1)

23 Caa()266 6 30 0.4 0.2
VIlsei 4)
Mrpllle(3)

ospp. (3)

Heeatea(1)

24 Majas (2) 101 23 8 1.2 0.9
V.Tichardsonii (2)
Vallsneria (Z
P. zosterormis (1)

25 No plants 0 27 6 1.1 0.6

26 Vallisneria (5) 232 9 16 0.3 0.2

j sl~Olpp. (2)

(iel 1)

27 Vallisneria (4) 215 6 20 0.2 0.1

I yrlo h (1)
votamoqeon spp. (1)

riSLPUs (1)

28 No plants 0 32 6 1.9 1.4

29 No plants 0 23 5 1.2 0.4

30 Vallisneria (3) 61 15 16 0.5 0.2
Chars (2)

soaMgoo pp. (2)

31 Vallisneria (4) 227 6 19 0.3 0.1

VoMoon spp. (2)

32 No plants 0 33 7 2.0 1.4

CONTINUED
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Appendix K
Table S. Composition and abundance of submersed macrophytes and physical cata from measurements associated with

the sampling grid at Point Hennepin. Means are based on six sampling dates in June, July-August, and
Septeber, 1983 and 1984.

Taxon Mean Mean Tight Mean current velocity
Grid composition Mean plant weight depth transmission ft./s)

intersection (frequenc ) (a/30 ft. haul) (ft.) (Z) Surface Bottom

33 Chara (1) 28 20 14 0.5 0.3lST-aggte spp. (1)

34 Vallisneria (5) 295 8 8 0.5 0.2
.- (2)

V o n spp. (2)
(f-0 Ulm1)

e ramiesR
V:'TRr~on1(1)

35 No plants 0 32 4 2.0 1.5

36 Vallisneria (2) 38 21 10 0.7 0.4
Potamoqeton spp. (1)

37 Vallisneria (2) 347 22 7 0.9 0.6
PoTa-mgeton spp. (1)
P. ricRardsonii (1)

38 No plants 0 32 7 2.2 1.6

39 No plants 0 23 4 1.1 0.6

40 No plants 0 28 7 1.8 1.5

K -i



Appendix K
Table 6. Composition and abundance of submersed macrophytes and physical data from measurements associated with

the sampling grid at Stony Island. Means are based on six sampling dates in June, July-August, and
September, 1983 and 1984.

Taxon Mean Mean light mean current velocity
Grid composition Mean plant weight depth transmission (ft./s)

intersection (frequency) (@/30 ft. haul) (ft.) MI) Surface Bottom

1 Vallisneria (4) 203 9 6 1.3 0.7
_ s n spp. (2)I jfjJIT' (1)
P.zosterlorms (1)

2 Potemon spp. (5) 620 8 9 1.0 0.6
Val tsneri a (4)
P. rlcharasontt (1)

3 Vallisneria (5) 345 8 13 0.8 0.4VEM0aU spp. (3)

P.ctsu 1)

. ^e!sformis (1)

4 Vallisnerla (5) 314 10 9 0.5 0.2
rspp. (3)y(2)

5 Vallisneria (3) 333 10 9 0.6 0.3

Potlmogetn spp. (2)
Ef nthera (1)

s S 1)
rrlaRsonil (1)

6 P. zosteriformis (2) 41 11 14 1.8 1.1
Pot eon sp. (1)
Va l T n er 

a (1)

7 Pot eton spp. (5) 869 7 9 1.0 0.4
isneria (4)

Heternthera (1)

8 Vallsneria (3) 84 8 16 1.4 1.0
Heteranthera (1)
P. cris (1)
lyoti ----qon spp. (1)

9 Heteranthera (2) 38 8 29 0.4 0.2
MyrIophyl M (2)
V. crisnu$ (1)

10 P. crispus (1) 1 1o 8 0.4 0.2

11 Vallisneria (3) 31 9 13 1.3 0.7
Potamoqeton spp. (1)

12 Elodea (4) 1667 4 32 0.2 0.1
H-eeranthera 

j5rlophyllum4
V. crispus 13)
ValliTse-a (3)

13 Elodea (5) 1866 3 31 0.1 0.0
lteranthera (3)
P'. crlsous (3)
Yi'T'T'ie r Ia (1)

CONTINUED
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Appendix K
Table 6. Composition and abundance of submersed macrophytes and physical data from masurements associated with

the sampling grid at Stony Island. Means are based on six sampling dates In June, July-August, and
September, 1983 and 1984.

Taxon mean Mean light Mean current velocity
Grid composition Men patwei ght depth transmission f.l

intersection (frequency) (:130'ft. haul Mf. Sufae )to

14 Mo plants 0 10 8 2.6 1.6

15 Vallisneria (4) 146 6 17 1.5 0.8

Butom us (1)
1H'aete nthara (1)

16 Heteranthere (3) 2554 3 36 0.3 0.3

17 Elodea (4) 895 2 56 0.2 0.1
e-teranthera (3)

W~ccls(1)

Tanpu (1)

18 No plants 0 8 22 2.3 1.4

19 vallisneria (5) 50 3 48 1.2 0.6
Heterantera (2)
yriophyflum (1)

20 Heteranthera (2) 11 6 27 2.4 1.7
Vallisnerla (2)
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APPENDIX N

Index Charts for Aerial Photographs and Photographs of Macrophyte Study Areas

[Only two pages of Appendix N are reproduced as part of this report. The
charts and photographs are available on request from the U.S. Amy Corps of
Engineers, Detroit District, or the Great Lakes Fishery Laboratory.]
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APPENDIX 0

Macrophyte Distribution Maps

Because diversity of taxa within beds was great, it was not possible to
outline the exact distribution of each species. The following legend places
dominant taxa in a general area; the text discusses the location more
specifically. The legend for Figs. 1-36 follows (see Fig. 16, for an example
of the three types of shading used). In all figures "Potamogeton spp."=
narrow-leaf forms of Potamogeton.

Type of Shading

Black Stippling Crosshatching

St. Clair River, Figs. 1-9 (1983) and 19-27 (1984)

Scirpus acutus Chara Elodea canadensis
,Potamogeton spp. r~iylu catum

Votiiiigiton gramineus
Potamoetoj spp.
PotamogetoW richardsoni i

Detroit River, Figs. 10-18 (1983) and 28-36 (1984)

Scru americanus Potamogeton spp. Heteranthera dubia
Spargjn1um ercarpum Va T s-n era WTWTTuii jsp~ctum

A.Tph agsiola oageon cri~spu
Po~tamgeo spp.
Potamogeton richardsoni i
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APPENDIX P

ANOVA Tables for Macrophytes



ANALYSIS OF VARIANCE TABLES
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APPENDIX Q

Catch Data for Hoop Nets

Life stage designation as follows:

0 - fish in the first year of life (young-of-the-year);
I - fish in the second year of life (yearlings);
I+ - fish in the second or later year of life;
II+ - fish in the third or later year of life.

[Note: by convention, fish are assumed to pass into the next year of life on
January 1. All ages were drived from lengths, as reported by Trautman (1981).]



:~~os T .:

: : : :70 .14K :C4 I Iwo ,
a 31 a aC4a a C4 a a a

I a c I

aOera a li a1 1

I~ ~~~ I. I ; 1 0 0

31 0

A ,4~ I 1 0- 0
> I - ~ ~a a a a a a

c ama j a a f -4 a1-caIaw I "IlI aa-a 0 a wa aa a w aa IXa a~ l z Ia ala ~ ~~~~~~~~ 2>L aCaa. ... J U a1(a a a~ .a
a~ 6~~w aaaaa1 1w~ 1aa~ 4a9Oa

a uaa~aaZZ auE~K a a~a a~a~~aa maz

a wa aaua aU, aUUmu U~a~~a~~a~a waua L a w v a a a a A a a ~ .

a AM a a a ~ a a a O J
wa 0. 1- a
4L~a 4 me~ mam-cmm

aL a a a
a9 in a



a a 0 0ain ' a a t1 a a0 1 a a v Ia m Io
ao I a : a a a SI

a C 3D a a4a a
a. J a aa a a

a4*~~~~~.amv v~o. M g s a . . . o u m o~ N

z I V) -a
in IA 11 L I I W aW

44441 41Z 441 4X 4441 4 1 4 411 +
P- j 1 1 wo I T 1 I0 1 - -W I l Ix

a aj ao I a " m I : a9 a (A W a 0

)1 V. V-a oV . W a >. (A a a a I a a w

IU I3 I0 4 3~ a 0
0 1aa-a~-5 zsm a-C

, shxl aw9 1W 09 00~~~
1 14 1 .- . I . Ja a $- a -a
I WZ -g I : W I I a a I aU I
Ia " a x a a a 4 .4 a O 39 AI a I I

Ia oi-m am a I a a~

a~a I I 0I I 10 01 Aa aI

1.-1 ash 10

II- Ia- I~W A C
41 X I ' 1 11 s

a 0aa-i- 1. a a aa- ~ a 1-l

a Ww w2 2 1 W 11a maa
a a-)(U a I 4 a C 41a 01
aL I-~a am am l aa aam wa4L CIaa w a 0a ~aaa aaI
a N, l- m.. a a a-aa. a



In C.I I

a to4' Op 0 0 W 0 a * a a 1. I w* C I4 in 0

Il I I II I I II I I

03-a~ ~~~~~ -- -aa - - -sa

u : :z I I -uI I u u u a a u a a = I
in aW7 :W W al O & I a I a a W a

a w~ -~4 a aa 31 +)1 -4 X t 4 + '

I I c). >T oo z v o : J

jI Ia z I 

a a I a a a z / 2

I. 9L I~- a~.a a U 0~ I P WOI 010 I0 I 00a

VI MI In Ia 41 I A~ a a -9Ia Sh h .~ 1f~CC I
a, z-I.a3C~3w~ wXX3U IWIJI 1 1D 10(3I 1l 0 00 0.~ 0-0'~ a-z~>50!0m0I

I 9 1 L I KI . I # 16. 1 1 Ij
maZntag a,- iz : >ma ll > > I >5 >U >--

10 101 11 I IC I.

14 l0a 10I-

u44a 1 W I 9WI A. IO 1 IL IW

0aaf 4>f I>aC.)a a >
0 14 4 I I- I laIl- a

I

I I I I IC l~'~ 10

01 II-

x III

f

4

w- I

0 I0



0--- p 4t DWO - - N I

oa w 'a co 40 t- lo I aot

lea

SOIo 8a -a- I.- c. to S)- Io 8d 8 It 1 CC410
a3- 0a a 1 a V I MMI I MON

(D I v I I In I. N V3 Nt - 1 4 V

11. 4A t I - - - - - - -

I a I I IK I1 Ow IL~i

1 1 .DWa a X cu u ar oi 1 cc u 0 A0IA WI I U I A I I Im w I I a I cI~~i V, A:A z: :Az A:±AA '4I 4 4 4
I4 1.~l 4L0I A I - V) CL 0 CL (A i A 9o(a to 1 AIX ( I X : I - a 0 in I

I x x I x I I I. I I-I-I- -

aOI UO mw 0 1 w Ie0U u 10
I I I I 0IX a ' u I (AOI a' g1 V) Ix I

a 0 3 1 41 I I a l t t V f I~ t fII 0UL~ f

I ill 
U'KIl~a~

tl I -I lz a 9 90 ton- I V) I

41 I I > I I > >

COL Z I0 C4 I IIL IO COL I

0~ 1 lL

I-.1 f 4 W I I 4 W I t W a t!
IC 0 C

I> Iu I>
Ca N~

IL~ N2

.~ .~ ........ ...



rdN i
-a~t '0 8 8 a a aa

Wt. inOi 0~~i49 9 9 9 I ~;::: :9d1 a * a0e-S:SI
ma~ ~~~~~ N 9-t - -

94 *-0190 9U1 uu
got-0 112, 91 M -34 1.9 ) 5 0 0D I 1 94 U ~

001- IX ow aw Cd W~ Cd-aLUa a iga9-9 A S C
ZaI- 0a aa W M I W I I 9h 9. 0. -K &Aa -' L0 4Wa L i KK00l .

I15 to I u I au Va a 0 w w a 0
L9 30 a 9. z 9 X LW -9 3a a 4 U -*MX

le 59 it c I 9.9U. IL 301- 2 39 V J 1 31 z t i i x A- S z 9 zxv S0
-j01Uj Sa x . .u-1-.9C C'd cd xu -j -

w 9 9 9 9 9
IC 9 S9 1 0 1. -j 9 ~ 9 a a

a~ ~ I 9 9 I I

w aZ w a ZZ aO 2a Z0a 0Z ZZ Z X IW

I WI 3 9fl911 M4 434 M I 9 us3 Z 33 4 3 I4 3 I" I 4433

IL Iwa C010 1OO W 09 .J 909CLo w WW 0 ~ 0 0 0 W

a a~.g~a~aza4 5~ftft)..9Ct4). M m - z q-am- azmw
a 99 9 9

* ~ .a a I a a a aa a
I 9-.9 * 9 .9 . a a aAn. a

gn I~ &L0 0a t 90 '

x 09 

916 0 9 N 99 9 99
0. Z'9 9 ZZ 9 ~ 9 Z '
- I 9 9 9Q.2 09 Z ' 9 0 9



X g 0 I4 C- I 0 4 : I I I

a 8 o In I- mI

us lil -i 0~ ll to 400

1 CM -- 4

I. Il C4 1 l I* I ~ NI ', .

a -m VI w I I I . I. I 4 In

I )U I L)I C IUu L I. Ii u x I-
u I I u IIIowl ow I f 9L Iz cc CC - cX (

& C Iwt I V arCCU I C4 I I u I w I
FA I I #A 0 m I O & IL

3I 31:7 +1 -UK) 449 311 It 44' o4 4V)+ 41 4 41

-j -j I I I I.-
I)u I I j LI I I I, !Ed I 1

I I II W 0
III XIn: :0X X:0 X . X ' XX

I Iw ( IU m 30 1 0 3 ( 1 3
I 0 i m I ~ I m I . U~

z WI z34 .- 3 44 :34 3 W~ z4 ~ ) I

I ~ ~~~ wlI w J ~ -. . s

IC I w U-I I. I I.- I Z I I

I 1 sQ (9 10 1 4 1 0 1~ 10

; 041 - I : 0* 1 I I I
1 . I I I > I I II

1W I 10 > ui > >W I
W I1 3 Icc I1 I I I

WI 4 12 1 12 12 IZ

WII Iza1 41 0
I 01 ~14 I 4I 4

I w I.J II I'l.

14IU

OD III



-c*I-C

M) 9)0)l 1-ISSI 1 '0 0:

039 C4 0

I I LA W LL I

I U 3I 1

I a. I I, II 9- I CI I IZI Ox T -
IJ 0 _j IX (4I

0 1 . IA I I I

LUI I 1 0 0
> I to I - I

I WO j + 1 1

I I L I " uiI

I . . I I 0

1--oI I4 C,0 v~

U zfIJJI 1Z 1
I 0I J W O I( ~ 1 0 W

I IL4 fI W tfUI 4fU~
I 0> 5 0 ~ l.JWhfl.Whf

I IC IZI',4 W 4 3
a w30>S z s ' ,mo

I h03..I~ U M Z

I .xJ ~ I 4 0 I ~ 0 J

9L 0I I 0

I & IO 1 W'



6rw a 0-060a 8r-.C. s-a 80 an MO *0,ID
ff6 - 6 -0 16 - a - - - aI a

9 4 6 6 a 1 c I I I I

I. w I I a aoI Dr--O V0O I I I I0 I

Sa .. a a a -a a I

coI qq I I a 0 a a' -a a 44 0 4

a V C -4C Y a In a I

I I. I9 a

le 9K it IZ x a L V a 6 IV of 6
U I 6 6 a mj wW I 6

*c Iq I I I o & I I D
6 05 6 a IWO O I I 0 60126

atiat WJiW 0 j1 0 ca 0 W.W Jj WIIWI -
*~~~8 oijw a fU-ojwhl uo au~ n a n g*~~~~8 .WI2. ONan w 4 I4 4 a~I 4 a~~g 3~

a V D IlW 7 rlo a a 6mm W lo aml m.z t.AaoIx WjI

6 I 6

I -i z0 6 06 6 6
I 10 0 9 9 6 60 a

II 6-f1 a 1 I 1 0 t 9

WI~C IxII66
I- I9 96 IL 9

WIL M ~ IL 90i0I W

OR 62 V, C', t, ~
WI 9 0 26

>1 if9 W f t IW C9
I - I0 4 I. 49 6 9 9

-j 2 n I 6W 6LL5 4 W6

6 99 4 6.- 06 6 6 624w6f 1W96W i it6 I

6 V aA i i
6u M a(aI 6



1 94 In fa1 1 N: 8

lwI 161w III ICIAI I Ill 0ol

v~I ra Vois- -e s In- VU 1 Ior.wa V '

I j I I
II I I I

Owl I n I atI

103 ' x0 10 x I. A lI

XII... I I I U)x L ) I I
101 I z at I t I I

jI ~ Lj I I UI I I
I4 *L I I 9I4I L L10

M 4n I Io I I0

IL I I-Iog II
I A I. xI9 j J I . I I

I a )-.I c

I z I I
0 1W IU 0I W

.1I I I

I 01 ZO m~0 ~ .

I WI WWI -I. 0 WWW
I . .. I 0A.I0~. I , , :A. I!00
IIU 10 I I0O WU I 10
x WI 44 3 m1 1 44 3 1

I w

I I IOI

ix I~1 I I

01 I

ZI . . I

10 I. 00 1 W
WII.I 0



CI -t M LO1 C I - t- ft I I v
o I 04 C'4 I I

Iz W a a Ia0 1a I I e I am u x I
I L I I I U I I w I - I u

s0x- A. ~-m w sI 01 VI-i...-1 r 1i-I- Win a.I I
10 ;- : W -I u -It ni I in W1 tau z (I

z ~ ~ 1. I I I * I I

W. ..J I 1 > I IA a w >. UI . W I O Ie a V

I~~~5 In10L
0 2 1 - I I W x

W> I Ie I I
I 01 414 4 414 4 1 4 1 1x 4 4

I I I cc I I

> I I
> > I >

0. 2C 20 12I I I

Iz I.

> 0

x Iz I-. I

10 I 01
mI lO 1 W0 OW10

IZ iI''



a. Na all In C4

I Wa j IA III

gin1 C1a (w a - U1
aI 4n a

a4 a a a9

Iha inI I In 1. aIn I u tV II
1 1W0 w0 a k a W ab
Ia La a a a q a1
I M1 I I W H O
I a- a x aj 51V a2 1 , a a

a al a a aX1 IzIU M ~ u U E V

a t l a I III

a K . a a I aU II

I I I II
a I OR WW

4n a - a a Na 0 aa1

a famz 1 O~I

a a wz u O i) W W

I Wa4lwZau Z a241

a 0 l
a . a t aa

w:
uLa t a 1



RvI I8 5g f 5" 10 81 I0 IS) o

* in in I* - C401
Xi: .tv v: ne vgv gsOP am "a : gs:

034-1 W00n -0 OS - - - nsI- in a I S-S eon

I . I 5 I

(A I u M cc

xii e aI - cclu I a I0 I X at I

-. 1~ 5. I w
U90ai 4 Ia M I5IS- nI I 1 IV q"t0 t AI- I I L 1 -4t u I
I t I to 0I wW n w10w( I I aninV I - JW Ius#

9- I5 9-43 I Xa 4A)-I M 9 It I XIt- 99- 4XAV3 93
I I I, * I 0 I Iaw

W z 5K IX IZ 3B I m >. I .>

4n wI I IL o

tI .Is~ I I0 1 ;: j
5 I I 1 59 5 L 5 4 1.I

* aI W I Ie I 5
5 I5 I Iu I I I I

I I- I > I >fi 5

0. 1 11 isL a ss us e

Ia *.' XXI &

Ix~
m12X W .... X 5

I i.L U w UU U U L X ) U ') U)



1 0 I I -C 4 1 - COI rZI:c'7)
*O S0se lt 1'. P W 01

* ~ ~ ~ ~ S SR c.4111 8(~ A1010
3 1410 *I 5(- IS S-

(A I

IL cc a al lz I tIc

0I U,19.1 L 4" InV C WAI" .I L I lV LG

U I. I U #A I I
I I X I9 3 x3

I z WC 49 41j 44 A 1 41 4j 41 j

IO 11 I f l

w I I
I I I

11 W>iU
I 16 .~XI ~zz

9L I9) z.UU aui JL1(

I WI O.~SI A~mi W ~ U.I Zmm

u I *Ut00

jI a

0W III

9I 10 1



0 6s 680 6

I~~~ 6-60 0V 1-6 -0-~ rn

C', t.) o i 0 oe 00 eai £ - I go vU- 0 W Q

U) I

C41 146 1 1 516 - IC

6 VI W in I i6

3 I 6I nj I I 6a 6, IL v I . 0 & z. m 1

313 Wl444 43 - 4a 4 46XA 44 4 4x4 4 :4

I* z .i- IOU46 6 - 0i -6 I 1 119 !T6 j - 6 - 0 0

I~~- 88 -11 I6

Ie Im I Is W I a w 0 0 6 a

6 11 VLI I o 0I 0 Ij 0~el1 6 I 6

en. zmm 2 ~ mm m , zin mn-aWm
0 W6 WW WW W6 W6 6-WI 6W6JU66W

0 6 C a 6 h J I A , 4 ) .~ . 6~ l O . U a I .

614VV 1 0
*A 1V.. V0A CII 6V.l IA.
>i 4 3 6 - 3 4 6 4 3 Z ' U 6 a~ 3 3

6~ L.6 I i

60 6 -466 66
26 26 > >Z I i 6

S-~ I I 666

46 6-I 6 e mm4

z- 2I6 W66
I 0 66 366

06U IV 26LA6 4626 2

W 0 6 ~ 0 66 0
mE-6 66 j 46

I >L6L6-, 6- 66- ~6-

6 I I.-6 to6 > . > .
IL 6 6- 66 61
IL06 0 46 0

0 a ~6 Z I Z6 2

6 6 6 66 6 6



V in

ow-I '#n a r. *- qa

01 ~0gnS 3 1c; . A
I ("Ii C 4

:-a~ 0 t- 0 In A op a -ssn2 A S

I.- 1n -0 -s - -

I I. I-

Ix 4. I 4 1

I-j I w I IjV oO I w00 0 i

I a u a x a
UI WI-1 9Lx I I U. w I

I a1. Ij o 4, u I 4II 4 -u I Iou

I I I

I I DI

Z4 I a a

I 1 :1 0.11 . 4

1- CIO.L l4 A I4 U 4

I IzW4 411 ~
0 z 0aIUm. -UtI -

I c I.- ~ 4 0 U4 al J 0

L" IL
IL 0W .4

CL21 1



9:1

I 4 I

4, U. a 1 I L L,6 I % I I I I I AI I
I I Ua i I a I a a I 1 a- a

a .-- I a eo a-I 1 S I 

I-a a a- 1a 1- a a a t a auaa 1 a 4 a . -c a c a g a a1 a acca I I a I I _. I I . a t 1 6 Ix
I 1 I I I I aj a al a a aI
a, a- 4 00 1 0 a-wa-a a a

IR WO 11 Iu I I I .2 44icl 141 a

N 1.4 ra ,a4 a a)

a I I
0 > I a a a a a

a aa va i-aI-I-la I Iaa-

'Z' w ~ I l~u u~~
I U'4 1 a 1 14L~ aa44

a ina W Ia'UUUI w w u u



t4 I

a- a ac0 , am 0 a a a Za a a av a a -a a aasa ama ~ ~ ~ ~ ~ F MZ C14)a)-fl~~ na anaa0o a o As mat- aIO
a 3 .1a. 1a~ na - Ia arv- 4 a anC0l4
a a - a - a a-- cxa-

a6 a a a aI
a a a a aa

N an a a a) .) - a a . a0 a a aIaan

I~ auo a+ a a1 a a+ I a + + a+
4aO aOO ana a am aacoo 600 a a

a~aml~msm-SA~ar~a A-a~a-Al~a aS~cA~a~Ix
aO~~~-- a w a a C a a n a a O - a

a s a a a9 14x 4 9393 A3 a a4 a at 0a 3M a- 1 a1 a 1t )W 'IU I

a W z a a aj a a ai a a ai af a9 161 j- L Iz I - a a 9-1 1L

a a. ac a 3 Ceo a 0 a a a a aw a2

a a aa a a aa
a n WO 04 0 0a 0a 0a 0+am * a0 0 * + aaz ~ a -a-a a -a a -a aa. a aa--aa -4a-- aaa

a .Aaaaaa-a-aaaaaa Iaaa-a---- aIaaaa--

a J J a a a aa
aj a a a

I" a aU a a a a a W a a a a" a W
a ~ ~~~ a aIa ~ ~ U a aU aI ma> a a aV aW a>a aW aW- I a. m> I a

a~ I a a l
a a1 Za Iza Za 1aaa ac ma- 2 a
a~ ~ ~ ~ ~~~I a 1a.a u ~ aa ~ Z aU~

a , Uaa ma mm m m mamu sa4a m

a w w wa a aa a a au u a au
a 4) a-mj a aaaUa aaa~~fO a~j~ al~
a 1a~a amlf m cmlwm a-Aw~~h-~aaa wa443a433a43a4amflm4~~a44~- na 4.Sa a

a e .- 6 O 6 0 a~ 6 a - S a m ~~ a a w~ w~ a
a Wa~~aa.a~.a.j -. a.aa.maa~J IJ m

a a> 0 .a .a.a~a~ U.a.J0..J e- .a.J
ao w e ww a a ea a w I ~w aaao

a Im~am-a~-maa~- L.um- aZaaLanIm-z
a a0

aj 0.
a a-a aI

ain a a a a a

a ma aO 0 aaO aaO aaO a /7



0 C.-, T - 7

aVm a e ci al a* -aot an a - C a ra
o a a ' a a, an a4 a a a a a w

I at ao am a- am

a ~ ~ ~ ~~~ a a+

a.J a a a a a a a a a

a a a a a a
a j 1 a a W a a aI a a a w ae a oxr

a " a . 0 - a . a a a aB - a a a v
a ~ ~~ ~ a a a a a a aa aa

I I -aO a a a. a a. a a-0 a a 1 a0 - 1
a0 Ucl I~ Ia a *a a *a 1 4 a _,* Ia 1~, a j0_
a a .9 0~ a aA a
at It 1,~ COX~a aaIN =4.aaIcz 1 act c

a 3a1a a a a a
a ) a a a a0 a a aa a

a a

a a a L a - a a -aa a

1 ana 1 1~~f a a m l m ~ l ma1a mU a A IILma
a K waan a cc Iua aaahwlmama~ wava W> w> aa>nI

a O aO aCOa an J a wA. iB, na an
a~~~~~~~~~~~~ Ia~l~faaa.~3 anaana ~f aa

a ~ ~ ~ ~ ~ ~ ~ C C.,O~a aO a aO a va n 0 3 03 0 3 a

a z~ ~Saalaa~ g-OaU-~ ~ Ww ~

a anZacuaa-~z.a~Ja az la..aZ..J Z.a

a ix - a ao~~a..a0aa a~U.Ja.J~-lJ~J

a A I4 a O ~~~~aamw ~ O a W 4 W a
a > mam mn mal~aZaa-.a-m-a~

Za a. aI.J a a .



-a a a a a a a aa a

a j -a fooea - a. IN . 11 1 5 02aa-Oc 1. ~2a

-- e n % nC 11 1 M InaaVaaIa OWe fu - a t
0 3B ~ ~ ms a Q M :- ma maw02-a-tv C4 a

LL I a --i . I -, a a . a a- a Cd

.- I I I w I a I a a

al z I C, 9 1 A a 1 10 in Ina

a.. A (n 1 a 4n a m o I aI a -A I w I -- q0 I I

Ia. IL a a 100 wg a a a a 0 a a - go ~ w a a

a&.aO 1 a10 a a a a . a a:0 a: - a
a a a-Iw wmW O WW 1 a x a a a a.

a 39 p 02 m )1 i i a310ac a a 2,aa ci 0
a aLa 1a a0 aOlolll aO w :0 a
aZ - aa a a a a

a a a a a a a a a a

a) I aA a w 1a.9 1 w I a o
a Z 30a , a (. a 1 a a # a3 a a ~ au

1 a. a a a aa~LL a a a a>a"
a ~ I a a a

a m a a a a a a m
a. aw a a1 aIL at -a awa aC aC a

a aZ a a ala al aa a aM

a a- Ia Ia a~aJa I-a ± a aCI
a I.- Ua a ~ ~~ I s a a C~a a o

a e
a w

a aoVU.J~O.aUJ O.a~O~~aUUJ
a aa OwwO w O W ~ AOw~ Caa-Ca-aw
aL a am-4am) l~ag')afa) a) a2mm

aL aNI a aa a
ato aa a aa



I I I D 1I t I I I. I I 0

I 0 11 01 . - I M - IN I £ I 4

I I I I II II III

ID 0 C- N 1 I ND II I

144 C *8 -eeI~ i m s : 9 I-~pu~~.tI w '0

CA I I

+ + I + + + + + + I

IX M I Iz
I J 11 . so I' -I I I I I I I

Ij 
I .IU 10 L -u

to I 1 4 L4 I I c (A CI in m I.Kt L LsMC I
Ir In IA VI I I 11 I Ii Us CA I

I 1 14 41 4' 31 14 9 I 44 (44I x- 3+1 .4 13

I I I I II I III

*U I O O lo 0 ft I >- Z a U) I IM

z VI UI 0 IZ 1 I 0 IU 0 Us 0 n I I V

I W U WI IC IUIC WI I p-I I I I IW

I Us I lzO~ QOI I Us OWIC ~0 W 0 O W0w I

It . I I I I w
I ~ u UsII I I I I
I> >.. >1 > > 1I.

ICOL 0 CO 10 01 0 0 00 I
I ~ ~ ~ ~ ~ ~ C CfIW OI z01 1 W O I I W 1

21 Z Z i 3 1113
IV1 liii M C4 I I III,

C l I I I I II

1-I I I I I I I I I
1-I I 12 I I I II IW ~

01 4a I I I II
WI U) 10. I I Ill IIV

(49 ~ Z V i ~ ~ ' IZ i ' ~ '

I U)II

4.1 CL I. I

IL I -



_v to( ~-. v 0 r) a11 . 1L nL 4I
8 V 1-~ 6 - w 1 t- 40 e - w -M Ia w I aII Iw e a 1

a I.a~ u-- a ' 41( -- I in 1-a a- a. IV a L.I I wl'41 01 0 1 I h
a- 'D -- a a 4 m- - In. I W V ~

a aa a a a a aa aa a a

1 .1 aC' to ao aD 'to A* a1 10 0 1 8a0". 4v 8 0 4 8C 4
t- 0 40 V C4 N C (D t- a CD W

o 31 C4 V) I a a N 4 1 to

101 0 m m-aneiw 1wu rl - o w C4 O~e C4 aQ ra0lwa e rC V
0-Ct.- Orea-az~- a. WI a-CwPaa&aC~~~~~~~-a~~ I'~a a g - ~ ~ a i a -. a a w n~

+a. a +~ + + a a a- a a + +- a
w~ a + + +

aj a a aaa

a a a a a a a a a a
a~ ~~~~ ua a

a a-Ca Tar--aa ~ x~ea -- ard------------a'a

a w ~ * 9 *A 3 1 4 -9. 4 1. 1.a a ,, 4a a 0 14 a LL I--a
a u.4 a.-~ a X - l -a x - ae *a- a-.- -ji Z .-a+ a-.. X a 4. u a a

a w-u a ft a a a a a UZ a XIC L> t 00 I

a I3 a IW I ~ l -j a1 a a 1 /c-

I.u wa wa a w -u u a w
IM..inlt in a faa/o0a a J~a~fO a.JaIaa a w ~

a U~a~in a flU anaalLl aa I aafa lz waaLucfc awaj
a wa 043 04~~ 44 a an 10 4-3.L)Z4 ~ 0wco

a a a) a O a aw aI a a a a
a 4 - a a a a a a a a a' a a, a
a >- a a >a a>
a a ly ~ aa

a 0fa 0aa ~ ~ C a wlI
Za Za Om aza a aJ a aX aO cj OZ

0 -0 aaaa a a a
a-', 1a a4 a1 aV

a z- a
0a az aa a a

a-a a aCw Iz C . ~
La~a a a/I a a a a aa) a n a ia

aZ au aflaZ a aa~u awa~aw IZ
0a aOI amD D a C m cC a c

aj aua-~. a~aa a a a-a ag

a I- a x~a C a- q 1-4a - 4 a
a wa ~ 4 a a~x a xaa

a 4 a-a0oa- a a-i - a -w a

a CL a.- aCIa a a- a > a- '
aCIaOaaZ a a c a ~ X a



a . C',, I I I)

0 010 "toor~a I to- l 4V 1 laa4a- (a in 10 a--- in t-~a~
r- at I r- aaI

a a aw aw a1 0 40 a Va 4i a I I. 4f 0 c

1.-- 8 a

a-4 I a V n I ; 40a

aU 4-M I a a a I

a~~U IA I a z

I c a Ow 10 a .c a a M a & M M
Li WI Ua I aU a- iL a ac asiI 1 . c Uj" iM I w I w I U

1 L I1 o- I aI - M 4 4 00 1.pa a a- a a-K a) a-a a 44 a- a- a a a- IL a - a a a-a a a-.- a M

: ..an a a -C a U O w w w a a a II( I I I (

I W W -j 4aU a . n U J j- a a- aj I I jjI

WI I -I L M >- d a amW 40: > 0 a .a >. I a x I a M

I XI 0 XaZI I aa 00. xX X~ - XI 0I

UI alU 0 00 0 1 0I 0 1 a 0 1 0 a- 01 01 a

a Inm mmm 1 wma a4 0.9 1 44 X t .0 1 m aa 1a 1ai L W9LU -
a iw 1a w C 1w a 4a a 10 w1a w w w WIW I w
I I - 1 - I- 0.9W1W.~~0af a w10.. W. aZJf 0 1 MI I aU

I 01 1 IWW4U aiw~ WaWaww.a aa aa- US ILw I Iltfl
a 1.-1 u~3 3 -~-a a a4:~ > >4 aW 4 a~a ~ I
0I a > 1- 0.-1 0 ). : Ia-, a >

a ~~~ U .l W I

Mi C01
I d0-O a cw 0 a 00- 0 I- 1

ZIZ0.X 2 XI X I I



to I CI m I

9.1. C4 0 In 0
7 V l 0 in0 I in I '40 - -II 40I r.- 0 ' N e" 0 a;;

WI I I I I ' I I Iv I 1. I0 . mI
If 1 I4 I I ID 1 I0 I I o 0 VI 04

-j -4 1 I I aI In m0 .M If

NII 1 I -I m m S V- CV

UI v v el o a w o m I o o 1 0 a I 4

0 31- MIR M 0C1-IC'4e4 Cl- O -- IlI -

11- 1 C4 m I in I4 N I I I-4

+ W+ +1 +4 4 4+ +4 +1 +1 +44144 +14 4

I4 I A In IaCL I W I LI I (n to LA I 1- 41 CA

0 0 IA IA I in 0 I In I -i I aw )I Ii IL n Ij- zL M -

I i At I 3I Iu 39 I

I I 0 1 10 0 10I 1 0 In W to 1 -- to x11 QO- w I.-
I ) xi I x T -j Ix Iftfx I I t.i 14 -1 39 X 4 Iiz z z

z ixIWI c> - IW zIo aI I> a 0~w >~.. U 31 0 WUI - Ui 900 I ) U IA

I ~ ~ ~ 1 . II I I IQ a iO. I n 39~4n 0Il. 1-~i' 1 i31

I L I1 lIn InlI I I I Iin. IS~n . J~ I.. ~ t i ~ ~
I W14 1 4 1 1 4 3 1 1 W3 WZ 3 W 4 W 1

a.I, IUUO UIU I0OI I~iZ OI wUIZ ~- 0' W~)S ZWS

> I

I .I I - I I I I I I I I 
I I- 1 I u I I I I I * l I I I I I

I I' ;; :3 30 A Z 11 10 C3 0 I3

I I LU IIII I I I I I I I I £
o p. 0 I >I 1 I I I -i I I I > - >

CO I~ 2 1412 14 IZI4I 1 z z1 12 I

1-2 IZ 4 vf1 t 1 1t 4 a 4 1.1

0 41 1W II I I W 1 1 01

I w
IL CL I-

2' IC I



i, ~ ~ ~ ~ ~ I I !1 !1

-j a *- i - r- C4 I--I I r

I 0 + I 
IA I I Ir

I I (4I -- X 0l (l lrzl -I ((rzr r
.lI rnr an( MCI 1 3 1 I rnL W( I Il

011 I I -a r . I Ip O : I L r I I (A 0I L CA0 .

L4 1r rn40 w w0I I up rn w n wIZ ( IA W 04

I I I , rnu~ 0 1 0 rn rn I rn I

wcjrn ~ ~ ~ ~ ~ XC 3n4 *n 41 4 *n 4n1 1r rn, ,3t 4

I r I I I

L I rnr I rn r I

IU 0 IA I :
Wm rnA r IAI Eon

I W I~ Ii II II
rnIwI IW IdnL I I.r - I is I C I I.- OI C'

I (f.f9 f 1f W I atf I IWW1 I 1 4 f CAU I I
wrnI Oh 0 IO I I 9 IWWWI 1 1 0 WIWaI W

0 1rn0U£IW~u IWU IjIrIn1 1uIr~m rn 1 1 U I 

WWI: 0lI W W 0 ~I0 W0 W
I I0 z I I0 I 0 0 IL Ix I

2r ,' rnX V) C4 m r r

z 0 lDII, I 1 1 11 1

C3 &lOW0 1 111 l L-IOII
21 2 IX X I X I 'I iJIZI IXI..J

WI0 I> 0 lhI1 I 0 0

CD 21£ 1 2 lD 2 1h A
WI . lol im1 Z 0 01 0

41 rra r£r ~ 1 r 3 I l I ~



V - I em t I In In o f W 1 1

I . 45 I-(S ~ r C4 ~ ~ !! 0s i 4 m' 1 co -
VI 900 : - - S I- I Vl In CI -I N~ S t

10 0 1 1. 0 IV II CO 10 0 P, ,.I
r N IV I -

C4 I 4

ri InWIn IV CI 0 I I4 1 S 's a 0 t
in I 4 - SC I in I 1 Io IM' in I 8 0 ,00

1 1 1 I t. I

I C 0 0 Of I I I - -I -I C In

0 I- ISS I I

S ~ ~~~~ + +
I L SO - +

I WI I . . . . . . . . . . . . . . . . .

Ii 'n V, CLm 0 OM I 1I I 1 I m 0 tA Z I

I II SS I I I I I I I xI in MI 1c m n 0 >.0 wWIm
W I. xW I x a i SiIxX I X I ml _j I tin I IiZx

SZ uv- Isu Z 4 I1 1 I 01u- I v 51491 U i I Ix1 u I- I w iI 0u.

I II 01 0 01 0 3' 01 I 0100 S W I

Z WI WW UJS-W WIi WI WIM- W0 XI 0

W I 0 10 0 0O0 I 0 . I 0> 0I 0lZ I l
> I i

I 1x -I O WW O 3W 0 W WI vWlXceI 0WI -a I- I 4K11 W-..
I9 1 .- I. I w I -S - I t- I W I I.

I cI I I I IZ I IZ I I I I I

I atS SO 0W 1 11W Q a- I . '0
01 WI I I In In IJ 0* W I

01 > > I > > >
41I IxL I ; cc

:-I 02 .4 10 I >. IW W I 10

C In 2 >W >2 >4 Z 2 1W '2 1W

WI CIO m0 i4 M0 V I4 I) 10 10 T

>1 w 1l. 14 W 41 > ~ 5 I

I 1 WI 1 12 IZ i 1W I 1W I

34 1W Ip 1W&n W 10 1 0

I 0 ISI W I J .I. I W I 1 I

I I

P' 12 I
01 IL I.I

05W 0W 
I-

I0 Xi



APPENDIX R

ANOVA Tables for Fish



ANALYSIS OF VARIANCE TABLES
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